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Space Transportation Nodes Assumptions and Requirements 

1.0 Introduction 

The Advanced Programs Office of the NASA Johnson Space Center (JSC) has conducted 
a six-week (one equivalent person) effort to document Space Transportation Node (STN) 
assumptions and requirements. 

1.1 Task Statement 

The original task statement has been revised to specify the study scope as follows: 
"Based on previous Eagle reports and the space station accommodation studies 
performed by LaRC, document the upper level assumptions and requirements for a 
transportation node in low Earth orbit. In particular, consider the following: 

What vehicles are processed at the transportation node ? 
What is the flow of activities involved in a vehicle passing through the node ? 
What node! support resources are necessary to support a lunar scenario traffic 
model composed of a mix of vehicles in an active flight schedule ? 

"The Lunar Base Systems Study (LBSS) is concentrating on the initial years of the 
Phase II Lunar Base Scenario. The study will develop the first five years of that 
phase in order to define the transportation and surface systems (including mass, 
volumes, power requirements, and designs)." 

1.2 Assumptions and Requirements Definition 

Assumptions are one category of design guidance provided to an engineering design 
team. They are those guidelines that are conceived through supposition and legislated 
by policy because insufficient information or time is available for explicit verification. 
Requirements are the other design guidance category. They are derived by analysis of 
the functional task of interest or known by prior experience. The assumptions and 
requirements of interest to this task are the upper level specifications which bound the 
architectural concepts and state the functional performance demands on the systems. 
'while numerous conceptual configurations for space transportation nodes can be found in 
the literature, the intent of this task is to develop and document STN assumptions and 

1 

d 



requirements without any preconceived model of a design configuration. A later, related 
study is tasked to develop trqortation design concepts which satisfy the upper level 
assumptions and requirements of this study task. 

1.3 Task Organization 

The task activities have been planned to produce results which are relatable to space 
station development, responsive to the synthesized models for the initial years of the 
lunar base, and organized to accoarmodate continued development. 

In the Space Station Program, the requirements documentation tree begins with JSC 
30000, JSC 31000 and the Architectural Control Documents (ACD’s). Therefore, the STN 
requirements documentation is patterned after the JSC 31000, Space Station Projects 
Requirements Document. Documents with detail such as the Space Station Interface 
Control Documents and Contract End Item Specifications are not appropriate at this 
phase of program planning. The STN requirements structure and relation to the Space 
Station program structure is developed in Section 2.0. 

The assumptions and requirements are obtained from discussions with appropriate personnel 
and by analysis of a space transportation reference baseline. Essentially, the requirements 
analyst is performing the earliest stage of system engineering design. The task is to 
determine, thinking as a designer, what data must be known to perform specific engineering 
designs at this level of detail. The assumptions and requirements are identified in the 
thought process of considering what activities the STN must perform for each particular 
mission and vehicle passing through the node. The requirements assessment of the 
space transportation nodes is developed in Section 4.0. 

In support of the JSC Advanced Programs Office, Eagle Engineering, Inc. has interpreted 
the Civil Needs Data Base Option 3, Phase 2 initial years to have the lunar missions 
scenario defied in Source Reference 9. Due to the fluid nature of a space program 
defdtion at this early planning stage and the probable change in detail data, the 
requirements have been formulated based on generalized missions and flight schedules 
synthesized from three representative years of our lunar missions scenario. This reference 
baseline for space transportation activities used in this study is provided in Section 3.0. 
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The documentation of results is organized into the three sections of Source References, 
Assumptions and Groundrules, and STN Requirements. Data base methods were chosen 
as the medium for recording the results. The use of data bases allows the identification 
of links between references, assumptions, and requirements. The data bases also enable 
flexibility and ease in reviewing and analyzing the results. Sections 4.0, 5.0, and 6.0 
identify the primary results. 

Closing comments are provided in section 7.0. Comments are provided on the additional 
results potential in the data depth, the sensitivity of results to changes in the generic 
reference baseline input, and the iteration process involved in requirements planning. 

1.4 Space Transportation Nodes Location 

Due to the near term emphasis of this study and other factors, discussed below, requirements 
and assumptions are generated for the LEO STN only. 

1.4.1 Low Earth Orbit Space Transportation Node Baseline 

A space transportation node (STN) in low earth orbit (LEO) is the baseline STN location. 
It has been assumed that the frequent traffic noise, center of gravity changes, intensive 
servicing operations, visiting traveler commotion, extensive storage allotments, precise 
launch scheduling commitments, contamination problems, and unavoidable mechanical 
movements are unacceptably incompatible with users in a Space Station primarily supporting 
microgravity commercial and science applications. 

The orbit ephemeris of the LEO STN is an especially important design factor due to 
the lunar transportation orbital mechanics. Reference 20 discusses this aspect in more 
detail. The STN conceptual design task must meet the LEO STN orbit ephemeris 
requirements implied by the following Earth-Moon transportation constraints: 

1) The inclination of the Moon’s orbit plane to the equatorial plane of the Earth 
varies from 18 to 28 degrees 
plane must therefore have an 
able to launch to the Moon 

over an 18.5 year period. The LEO STN orbit 
inclination of at least 28 degrees to always be 
in plane. For this reason, 28 degrees is the 

3 

d 



opthum inclination for a LEO STN and can be attained from any launch site 
with a latitude of 28 degrees or less. 

The stack must depart approximately when the Moon resides in the LEO STN 
orbit plane. These 
departure dates occur at roughly 9 day intervals. The plane of the LEO STN 
orbit contains the Moon every 9 days. This interval is controlled by the 
Moon's orbital motion and the precession of the LEO STN orbit around the 
Earth. The LEO STN .precession rate is a function of altitude and inclination 
and it may be advantageous to adjust the LEO STN altitude so as to have 
exactly three 9.1-day intervals for every 27.3-day lunar rotation. That would 
allow optimum atrival to, and departure from, high inclination lunar orbits 
once a lunar month. The high inclination lunar orbit planes must contain the 
Earth for arrival and departure which occurs twice per 27.3-day lunar rotation. 
This can be synchronized with the 9.1-day interval such that both occur 
together once per month. 

Specifically, the vehicle must "lead" the Moon somewhat. 

3) Once in the vicinity of the Moon, the stack must insert into an orbit with 
an inclination greater than the landing site (base). Initial work indicates the 
stack coming from Earth can insert into any inclination lunar orbit at- little 
or no propellant cost. At worst, the crew may have to wait some time in 
lunar orbit for the landing site to move into the orbit plane, though even this 
wait can probably be avoided by an additional bum before lunar orbit insertion. 
This lunar orbit can be chosen to minimize waits, propellant usage, and return 
opportunities for a given stay time. 

4) When departure from the lunar surface is desired, the ascent stage must wait 
for the orbit of the O W  to pass overhead for an optimum opportunity. For 
low inclination parking orbits, launch can occur at almost any time and plane 
changes can be used to get in the O W  orbit at low cost. As parking orbit 
inclinations rise, this becomes more difficult. For a polar parking orbit and a 

low latitude base, minimum plane change launches occur every 14 days and 
become very expensive in terms of propellant as the plane change required 
approaches 90 degrees. For one lander studied, as plane change is varied 
from 0 degrees to 15 degrees, lander size increases 10 percent. 
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5 )  Once the ascent stage and the OTV have docked, the OTV must wait until the 
plane of the LEO STN orbit contains the Moon to depart. Specifically, the 
plane of the LEO STN must be properly oriented when the vehicle actually 
arrives at LEO. This occurs roughly every 9 days as discussed above. Ideally, 
the plane of the OTV orbit around the Moon should contain the Earth at this 
time also. However, plane changes up to some point are permissible. This is 
less of a problem for low inclination lunar orbits than for high inclination 
orbits. As discussed previously, this optimum condition can occur once a 
month given proper selection of the STN orbit altitude. 

1.4.2 Lunar Libration Point and Lunar Orbit Locations Elimination 

Space Transportation Node locations at the Earth-Moon libration points and in lunar 
orbit have not been addressed in this report because initial studies indicate they only 
benefit lunar scenarios with extensive infrastructure on the surface and in orbit, The 
scenario of interest in this study task occurs prior to the implementation of lunar orbit 
or libration point facilities. The LEO STN exists primarily to assemble the departure 
stack and maintain reusable OTVs. A firm requirement for a libration point or lunar 
orbit STN has not been identified at this time. In a later time, a LLO STN could serve 
as a propellant loading facility for hydrogen from Earth for reusable lunar landers. On 
the other hand, the hydrogen can be brought to the lunar surface and, transferred in a 
gravity field with only a small performance loss. A lunar orbit STN could serve as a 
storage and transfer facility for lunar produced oxygen for OTVs and for oxygen to be 
shipped to other more distant points. Lunar produced oxygen will initially be used for 
needs on the lunar surface. The second use will probably be for a reusable lunar lander. 
A reusable lunar lander has been studied in Reference 21 and does indicate it will benefit 
when operating from a lunar orbit STN. Profitable use of lunar produced oxygen beyond 
lunar orbit requires large infrastructures, launch rates, and markets. 

STN’s at the libration points have been shown to be of value in scenarios involving 
low thrust propulsion to Mars and other points in the solar system. The vehicles do 
not have to descend into the gravity well of Earth or the Moon, and these points are, 
therefore, convenient staging points between low and high thrust propulsion systems. 
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If a LLO STN is required, lunar equatorial orbit has certain advantages. This is the 
only orbit that can be attained at any time with no plane change from a lunar equatorial 
base. Since the lunar equatorial plane is inclined at only 6.5 degrees relative to the 
lunar orbit plane, departures to Earth can also occur anytime with only small penalties 
for off-nominal times. The LEO STN orbit must be oriented properly however, which 
occurs every 9 days. 

A non-equatorial lunar orbiting station also adds additional constraints to the orbital 
mechanics of Earth-Moon transportation that is undesirable without some other redeeming 
benefit. These constraints include: 

1) The stack arriving from Earth must enter the lunar STN orbit. Inclination 
will not be a problem, but unless the orbit is synchronized-to a LEO STN 
orbit, the line of nodes may not be in the proper position. In the event it is 
synchronized, optimum opportunities will occur once a month. This problem 
exists for high inclination and polar orbits and decreases as the inclination is 
lowered. There is no orbital mechanics window problem for a lunar orbit 
with zero or near-zero inclination. 

2) The departure situation is basically the same as the case in which the - ascent 
stage must launch into the O W ' S  orbit or one within reasonable plane change 
delta V to the O W  orbit. "Reasonable" plane changes will probably not 
exceed 15 degrees which will increase the mass of a single-stage lunar lander 
operating from low lunar orbit by 10 percent. With the lunar STN, the ascent 
vehicle must make all the plane change. Without the lunar STN, the O W  can 
make some of the plane change to rendezvous with the ascent stage. 

The problem is not simple and a trade study comparing delta V for a variety of lunar 
STN orbits with delta V for optimum round trips without the lunar STN would be required 
to determine how much the additional constraints actually cost. 
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2.0 Requirements Structure 

2.1 Project Integration 

The Space Station and Shuttle will be well established systems by the time of the STN 
of this study, calendar year 2000. A large base of technology, hardware, software, 
documentation, training, and operations experience will exist. Integration of the STN 
project to opt- application of the existing base of resources should be an important 
goal in the STN development. Therefore, it is appropriate that the documentation of 
the Space Transportation Node requirements be influenced by the Space Station 
documentation. JSC 31000, Source Reference 10, contains more detail than possible for 
the STN but the STN requirements documentation follows the JSC 31000 format where 
appropriate. 

2.2 Work Breakdown Structure 

From the beginning, the STN planning for the STN systems, elements, and configuration 
need a specific and constant system of reference. The Work Breakdown Structure (WBS) 
is well suited to provide a logical and constant reference system. In addition, a WBS is 
required for formal program cost planning and accounting. A WBS outline consistent 
with the Space Station Work Package 2 WBS has been developed. The Space Station 
WBS is recommended for use in the STN planning since there is the potential that many 
common components and systems will be utilized in the STN. Use of the same generic 
WBS will facilitate exchange of information between the projects. The WBS is presented 
in Table 2.2-1. This outline is used in this study to functionally group the STN requirements. 

2.3 Requirements Origin Traceability 

It is important to capture the origin and interrelations of information sources, assumptions, 
groundrules, and requirements. As a STN configuration evolves, the effect of a changed 
requirement can be traced into an element design or the variance in a design can be 
reviewed against the criticality of the originating requirement. A data base system has 
been used to record the pertinent data in developing the STN assumptions and requirements, 
providing the beginnings of a mechanism for requirements traceability. Three relational 
fdes have been used. Table 2.3-1 defines the structure of the three data base files. 
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Table 2.2-1 Recommended Space Transportation Node Work Breakdown Structure (WBS) 

Diyit First Second Third 
WBS Assignment Node Location Element or End Item System 

WBS Outline 
1.00 Low Earth Orbit (LEO) STN 
1.01 Management and Integration 
1.01.1 Management 
1.01.2 Systems Engineering & Integration 
1.01 2.01 Automation and Robotics 
1.01.2.04 
1.01.2.05 Interface Development 
1.01 2.06 Maintainability 
1.01.2.07 Commonality 
1.01.2.08 Requirements and Specification Development 
1.01.2.09 Flight Crew Integration 
1.02 Integrated Truss Element 
1.03 Remote Manipulators 
1.04 Propulsion Systems 
1.05 Airlocks 
1.06 Attached Systems 
1.07 
1.08 
1.09 Resource Node 
1.10 - 1.18 Reserved ... 
1.19 Logistics and Warehouse Elements 
1.20 - 1.21 Reserved ... 
1.22 Habitation Elements 
1.23 EVA Systems 
1.24 Transportation Operations Center 
1.25 Propellant Depot 
1.26 Hanger Element 
2.00 
3.00 

Materials, Processes, and Fracture Control 

Reserved ... (Distributed Systems in Space Station) 
Reserved ... (IV&T. Facility Outfitting in Space Station) 

Low Lunar Orbit (LLO) STN 
Lunar Libration Point (LLP) STN 
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Table 2.3-1 Assumptions and Requirements Data Base Structure 

File Title: SOURCE REFERENCE 
Fields: Source Reference ID Number 

Reference Description 
(Four Lines) 

File Title: ASSUMPTIONS 
Fields: Assumption ID Number 

(Organized by program 
factors of: ProgramDefinition 

Vehicles 
Operations 
Schedule ) 

Assumption SubID Number 
Assumption Statement 

(Five Lines) 
Followup Analysis Needed 

(Trade or Sensitivity) 
Source Reference ID Number 

File Title: REOUTREMENTS 
Fields: WBS Number 

Requirement ID Number 
Requirement SubID Number 
Requirement Statement 

Assumption ID Number 
Source Reference ID Number 

(Four Lines) 
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3.0 Reference Baseline for Transportation Activities 

3.1 Baseline Modeling Approach with ARTEMIS 

The STN requirements analysis includes synthesizing the servicing activities on individual 
transportation missions and, also, developing the facilities loading impact when individual 
missions are combined into a full schedule of activities. A computer tool, ARTEMIS 
Project, has been used to record activity resource and schedule aspects in this higher 
level requirements definition study. ARTEMIS Project (Reference 16) is produced by 
Metier Management Systems for use as a project management system. The systems 
provides all of the usual features of a critical path method (CPM) project analysis tool. 
The reference baseline for the requirements study includes the transportation related 
vehicles, the individual transportation missions, and a representative *annual schedule of 
transportation missions. The reference baseline is developed and recorded in ARTEMIS 
format in the following sections. 

3.2 Vehicles Baseline 

The space transportation vehicles passing through the STN are assumed to be the systems 
described in references 1, 7, and 8. The Langley Research Center (LaRC) study is the 
most recent and is based on the NASA Headquarters CNDB. Therefore, the LaRC study 
vehicles are used as the first choice. The Eagle study is used to clarify details and to 
support resolution of inconsistencies between sources. Pictorial representations of the 
reference baseline vehicles are shown in Figures 3.2-1 through 3.2-5. The physical 
attributes of these vehicles are summarized in Table 3.2- 1. 

- 

3.3 Lunar Missions Scenario 

The CNDB provides the fundamental reference for the NASA advanced program missions 
and transportation descriptions. This STN requirements study is limited in scope to 
only the initial years of the Phase II Lunar Base Scenario in the CNDB Option III. In 
support of the JSC Advanced Programs Office, Eagle Engineering developed the scenario 
data with adjustments which emphasize the objectives of this Advanced Space Transportation 
Support Contract. The alternate missions scenario is documented in Reference 9. The 
alternate missions scenario includes a total of 47 missions in the years of 1999 through 
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2005 of which 41 pass through the LEO STN. 
high level in Table 3.3-1. 

The alternate scenario is outlined at a 

3.4 Missions Baseline 

For purposes of this study, a representative but generic scenario was desired to reduce 
the sensitivity of the results to fluctuations in detail definition as the program changes 
and evolves. The lunar missions scenario was reviewed and typical flight schedules were 
assumed for the missions in each calendar year. The assumed flight schedules for the 
years 2000, 2002, and 2005 were found to be representative of three different types of 
mission sequencing. Calendar year 2002 has been selected as the source of mission 
requirements for a baseline requirements analysis. 

The schedule of year 2000 is relatively slow paced with three manned (14-day) and two 
automated missions. The schedule of year 2002 is the busiest of the seven years with 
four manned (30-day) and four automated missions. In addition, a good variety of automated 
payloads are delivered to the lunar surface as is evident by referring to Table 3.3-1. 
Schedule year 2005 is primarily characterized by the long duration of the manned missions. 
In year 2005 there are four manned (186-day) and three automated missions. Therefore, 
the year 2002 is used as the baseline for the requirements analysis based on having the 
most active schedule. 

From the viewpoint of this task concerning the analysis of higher level requirements, 
there are only two different support categories of missions in the year 2002, Manned 
or Automated. All of the 14-day manned missions use the same transportation vehicles, 
fly the same mission profile, and require the same STN service operations. It is assumed 
that the automated mission lunar surface cargos are all delivered to the LEO STN stacked 
with the expendable lunar lander and checked out for translunar injection. Therefore, 
all of the automated missions use the same transportation vehicles, fly the same mission 
profiles, and require the same STN service operations. 

The ARTEMIS tool is used to record the characteristics of the missions baseline and to 
analyze the schedule interactions of the LEO STN and transportation vehicle resources. 
The LEO STN and vehicle resources that are to be monitored are listed in Figure 3.4-1. 
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These are the basic elements for which sufficient quantities and accommodations must be 
provided. 

In planning for the flight of a spacecraft, the standard procedure is to layout a timeline 
of the operational activities to be accomplished from prelaunch checkout to mission 
completion. For purposes of this study, the operational activities of interest are those 
requiring service support &om the LEO STN. These service activities have been identified 
based on review of prior space missions and aerospace studies. The flow of events 
begins with the OW’S,  OMV’s and other LEO STN facilities already in a state of mission 
readiness. The assumed service activities for the automated lunar flight, Mission 015, 
are organized in a logic network in Figure 3.4-2. More information is provided in 
Figure 3.4-3, including the assumed resource involved in each activity , the quantity of 
each resource required, and the number of days the resource is required in the activity. 
Figure 3.4-4 and Figure 3.4-5 provide the same information for the manned lunar flight, 
Mission 016. 

3.5 FIight Schedule Baseline 

The following translunar injection launch dates have been assumed for this ARTEMIS 
project support analysis: - 

FLIGHT TRANSLUNAR INJECTION LAUNCH DATE 

015AL 
016ML 
017AL 
018ML 
019AL 
020ML 
021AL 
0 2 m  

January 03,2002 
February OS,  2002 
April 03,2002 
May 09,2002 
July 04,2002 
August 08,2002 
October 04,2002 
November 08,2002 

Using the above dates and the missions baseline, the ARTEMIS tool was used to process 
the flight schedule baseline and produced the integrated STN activity schedule for year 
2002 shown in Figure 3.5-1. The required sequence of services (e.g., Figure 3.4-2) for 

12 
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each of the above eight flights were combined and the total list of a l l  service activities 
which the STN must support in 2002 are listed in chronological order by date. 
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Table 3.2-1 Reference Baseline Vehicle Size Definition Matrix 

VEHICLE 
COMEIGURATION 

O W  

m-4 

OTV 

2 OW'S 

E-LANDER 

CARGO 
(LUNAR HAB MOD) 

CARGOB-LANDER 

2 0 ~ 7 s /  

CARGOB-LANDER 

E-ASCENT/LANDER 

m - 4 /  
E-ASCENTLANDER 

2 OW'S/ 
PTM-4/ 
E-ASCENT/LANDER 

OW/PTM-4 

1.2 4.6 19.9 

3.6 4.3 52.3 

12.2 15.2 2213.8 29.9 

24.4 15.2 4427.6 0 

7.0 8.7 416.1 11.8 

11.0 4.6 

11.6 11.0 1102.4 11.8 

36.0 15.2 6532.5 71.7 

9.0 8.7 535.0 11.8 

12.6 8.7 749.0 11.8 

37.0 15.2 6714.0 71.7 

15.8 15.2 2867.0 0 

LH2 
(W) 

4.3 

0 

1.7 

1.7 

10.2 

1.7 

1.7 

10.2 

0 

CRYO. DRY TOTAL 

34.2 

0 

13.5 

13.5 

82.1 

13.5 

13.5 

81.9 

0 

2.3 5.9 

6.0 6.0 

5.3 39.5 

10.5 

3.8 17.3 

17.5 

34.8 

31.7 113.8 

24.9 

17.4 30.9 

27.9 109.9 

11.2 
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Table 3.3-1 Summary of Alternate CNDB Lunar Missions Scenario (Reference 9) 

NUMBER OF MISSIONS IN CALENDAR YEAR 
BRIEF MISSION DESCIUPTION 1999 2000 2001 2002 2003 2004 2005 TOTAL 

14-Day Manned Lunar Surface 1 2 1 4 

Automated Const. Equipment 1 1 

Automated: Comm,Power,Haven 1 1 

Automated: Emerg. L-Ascent 1 1 

Automat&. A/L,Power,Node 

Automated Habitat 

30-Day Manned Lunar Surface 

Automated Geo Chem Lab 

Automated: LO2 Pilot Plant 

Automated: Lf Sci Res Fac 

Automated: Rover,Garage 

Automated: Lf Sci Res Node 

Automated Farside Payload 

Automated Advanced Power 

Automated 0 2  Mining Equip 

Automated LO2 Prod. Plant 

Automated: Mod I/F Node,Comm 

186-Day Manned Lunar Surface 

Automated Surface LO2 Depot 

TOTALS 1 

1 1 2 

1 1 

2 4 4 4 14 

1 

1 

1 

1 

1 

1 

2 - 

1 

1 

1 

1 

4 

1 

1 

1 

2 

2 

1 

1 

4 

1 

5 6 8 7 7 7 41 
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Figure3.4-1 ARTEMIS Listing of Availabie LEO STN and Vehicle Resources 

R e  5 o Lt r c e 
N a m e  

OTV 
OMV 
Crew-EVA 
C r e w - L u n a r  
C r e w - N o d  
E - L a n d e r  
PTM-4 
RMS 
H a n g e r  

------------------------ 
Q u a n t i t y  D a t e  
A v a i  1 a b  1 e From 

.----------------------------- 
4 J an-01-99 

Jan-01-99 
Jan 41-99 
Jan-01-99 

b Jan-01-99 
2 Jan-01-99 
2 Jan-01-99 
2 Jan-01-99 

Jan -01 -99 20000 3E f 

D a t e  
U n t i l  _______------------------ 

D e c - 3 1 - 2 0 0 5  
D e c - 3 1 - 2 0 0 5  
D e c - 3 1 - 2 0 0 5  
D e c - 3 1 - 2 0 0 5  
D e c - 3 1 - 2 O Q S  
D e c - 3  1-2005 
D e c - 3  1-2005 
D e c  -31 -2005 
D e c - 3 1 - 2 0 0 5  

I terns * 
* Cubic Meters 
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Figure 3.4-3 (1 of 2) Assumed Seyuence of Service Activities for the Automated 
Lunar Mission Baseline 

Mission S y s t e m s  R e a d y  
?..unar- E i e m e n t s  Storage 

111-1-V C a r g o / T a n k e r  Pro;.: 0 

G'MV C a r g o / T a n k e r  He t r i ev  

L u n a r  E l e m e n t  O f f  load 

01 5AL03C) P r o p e l l a n t  Transfer 

01 S A L 0 4 5  

0 1 S A L 0 6 5  

UMV H L L V  C / T  D i s p o s a l  

CMV M a i n t e n a n c e  

Lunar F l i g h t  Preparat ion 

Lunar F1 i g  h t  Departure 

OMV M a i n t e n a n c e  

OTV-A A r r i v a l  

OTV-A M a i n t e n a n c e  

OTV-A Storage 

OTV 
Hanger 
OTV 
C r e w - N o d  
E-Lander 
OMV 
C r e w - N o d  
E-Lander 
OMV 
RMS 
C r e w - N o d  
E-Lander 
Hanger 
OMV 
RMS 
C r e w - N o d  
E-Lander 
Hanger 
OMV 
RMS 
C r e w - N o d  
E-Lander 
Hanqer 
OMV 
C r e w - N o d  
E-Lan d e r  
Hanger 
OMV 
RMS 
C r e w - E V A  
C r e w - N o d  
E-Lander 
Hanger 
OTV 
RMS 
C r e w - N o d  
E-Lander 
Hanger 
OMV 
OTV 
RMS 
C r e w - N o d  
Hanger 
OMV 
RMS 
C r e w - N o d  
OMV 
OTV 
RMS 
Crew-EVA 
C r e w - N o d  
Hanger 
OTV 
RMS 
C r e w - N o d  

2 
4428 

.7 
L 

2 
1 
1 
2 
1 
1 
1 
2 
1 

1 
1 

1 

1 
1 
2 
i 

1 
2 
1 

1 
1 

2 
1 

2 
1 
2 
1 

6553 
1 
2 
1 
2 
2 0 
1 
1 
2 
1 
1 
1 .  
2 
2 

2234 
1 
1 
l. 

1102 

-l 
L 

1102 

1102 

1122 

CI c 

6553 

1 0  DAY 5 
11:) DAYS 
1 DAYS 
1 DAY 
i DAY 
1 DAYS 
1 DAYS 
1 DAYS 
1 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
1 DAYS 
i DAYS 
1 DAYS 
i DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
3 DAYS 

20 DAYS 
20 DAYS 
20 DAYS 

20 DAYS 
3 DAYS 
3 DAYS 
3 DAYS 
3 DAYS 
3 DAYS 
1 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
1 DAYS 
3 DAYS 
8 DAYS 
8 UAYS 
8 DAYS 
Y DAYS 
1 DAYS 

3:) DAYS 



Figure 3.4- 3 (2 of 2) Assumed Sequence of Service Activities for the Automated 
Lunar Mission Baseline 

A c t i v i t y  A c t  i v i  t y Resource &tan t i  ty Resource 
C o d e s  D e s c r i p t i o n  Name per  u n i t  D u r a t i o n  

___________----___------------__------------------------------------ 
0 1 5 A L 0 8  5 OTV-A Storage 

0 1 5 A L 0 9 0  OMV M a i n t e n a n c e  

0 1 5 A L 0 9  5 Lunar A u t o  P/L D e l i v e r y  

0 1 S A L l l C )  OTV-A A r r i v a l  

01 S A L 1 2 0  OMV M a i n t e n a n c e  

01 5ALlZS OTV-A M a i n t e n a n c e  

Hanger 
OMV 
OTV 
C r e w - N o d  
Hanger 
OMV 

E-Lande r 
OTV 
C r e w - N o d  
Hanger 

Rris 

ariv 
OTV - 
HMS 
C r e w - N o d  
Hanaer 
CMV 
HMS 
Crew-EVA 
Crew-Nod 
Hanger 
OTV 
RMS 

2234 
1 
1 
2 

2234 
.I. 
1 
1 
1 
2 
2214 
1 
1 
1 
2 

4448 
1 

2 
2 

1 

1 
6 

44-48 

1 .. 

- 

1 DAYS 
1 DAYS 
1 DAYS 
4 DAYS 
4. DAYS 
4 DRYS 
4 DAYS 

17 DRYS 
17 DAYS 
7 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
1 DAYS 
4 DAYS 
4 DRYS 
4 DAYS 
4 DAYS 
3 DAYS 
8 DAYS 
8 DAYS 
8 DAYS 
8 DAYS 

24 
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Figure 3.4-5 (1 of 3) Assumed Sequence of Service Activities for the Manned 
Lunar Mission Baseline 

(1) 1 6 PI LO(:) S M i s s i o n  S y s t e m s  R e a d y  

0 1 6ML 0 1 (1) Lunar E l e m e n t s  Storage 

0 l b M L O l 5  H L L V  C a r g o / T a n k e r  Pro:.: 0 

016MLCQO OMV C a r g o / T a n k e r  R e t r i e v  

O l b M L 0 2 5  Lunar E l e m e n t  O f f  load 

I 

Propel l an t  Transfer  O l b M L 0 3 0  

O l b M L 0 4 5  

OMV H L L V  C / T  Disposal 

OMV M a i n t e n a n c e  

Lunar F l i g h t  Preparat ion 

Shut t le  A r r i v a l  

Lunar C r e w  A r r i v a l  

Spares O f f l o a d  

0 1 6 M L 0 6 5  ' Lunar F l i g h t  Departure 

UTV 
PTM-4 
Hanger 
OTV 
PTM-4 
C r e w - N a d  
E-Lander 
OMV 
C r e w - N o d  
E-Lander 
orw 
Rris 
C r e w - N o d  
E-Land er 
Hange'r 
OMV 
RMS 
C r e w - N o d  
E-Lander 
Hanger 
OMV 
RMS 
C r e w  -Nod 
E-Lander 
hanger 
OMV 
C r e w - N o d  
E-Lander 
Hanger 
OMV 
RMS 
Crew-EVA 
C r e w - N o d  
E-Land e r 
Hanger 
OTV 
PTM-4 
RMS 
Crew'Nod 
E-Lander 
Hanqer 
OTV 
PTM-4 
E-Lander 
Hanqer 
OTV 
PTM-4 
C r e w - N o d  
E'Lander 
Hanger 
OTV 
PTM-4 
RMS 
C r e w - N o d  
E-Lander 

1.C) DRYS 
18 I M Y S  
10 DRYS 
1 CAYS 
1 DAYS 
1 DAYS 
1 DAYS 
1 DAYS 
1. SAYS 
1. 9 A Y S  
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 

2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
1 DCIRYS 
P DAYS 
1 DAYS 
1 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
4 DAYS 
.3 DAYS 

20 DAYS 
20 DAYS 
20 DAYS 
20 DAYS 
20 DAYS 
20 UAYS 
1 DAYS 
1 DAYS 
1 DAYS 
1 DRYS 
1 LiAYS 
2 DAYS 
2 DAYS 
2 I M Y S  
2 DAYS 
a DAYS 
2 DAYS 
2 DAYS 
2 L A Y S  
2 DAYS 
2 DAYS 
3 DAYS 
.3 I IAYS 

2 mys 



Figure 3.4-5 (2 of 3) Assumed Sequence of Service Activities for the Manned 
Lunar Mission Baseline 

0 1 bMLO6 5 

O l b M L 0 7 0  

O l b M L 0 7 5  

0 1 6 M L 0 8 0  

O l b M L 0 8 5  

O l b M L 0 9 0  

O I b M L 0 9 5  

O l 6 M L l O O  

0 l b M L l Q 5  

I 

O l b M L 1 1 0  

(3 1 6 ML 1 2 5 

O16ML 130 

0 1 6 M L  135 

Lunar Fliqht D e p a r t u r e  

OMV M a i n t e n a n c e  

Shut t le  Departure 

OTV-A A r r i v a l  

OMV M a i n t e n a n c e  

OTV-A Storage 

Lunar 30-Day M i s s i o n  

Shut t le  A r r i v a l  

C a r g o  O f f  load 

OTV-M A r r i v a l  

OMV M a i n t e n a n c e  

Shut t l e  Departure 

OTV-/5 M a i n t e n a n c e  

OTV-M M a i n t e n a n c e  

Hanqer 
OMV 
OTV 
F'TM-4 
HMS 
C r e w - N o d  
Hanuer 
OMV 
RMS 
C r e w - N a d  
Hanger 
C r e w - N o d  
OMV 
OTV 
RMS 
C r e w - N o d  
Hanqer 
OMV 
RMS 
C r e w - N o d  
Hanger 
OMV 
OTV 
E-Lander 
OTV 
PTM-4 
C r e w - N o d  
Hanaer 
C r e w - N o d  
Hanqer 
HMS 
C r e w - N o a  
Hanqer 
OMV 
OTV 
PTM-4 
RMS 
C r e w - N o d  
Hanger 
OMV 
RMS 
C r e w - N o d  
Hanger 
C r e w - E V A  
C r e w - N o d  
Hanqer 
OTV 
RMS 
C r e w - E V A  - 
C r e w  -Nod 
Hanaer 
OTV 

:3 DliYc, 
3 DAYS 
3 DAYS 
3 I iRYS 
1. DAYS 
4 DOYS 
4 DAYS 
4 DAYS 
4 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
1. DRYS 
4 DAYS 
4 DRYS 
4 DAYS 
4 DAYS 
1. DAYS 
1 DAYS 
1 DAYS 
1 DUYS 

27 DAYS 
27 DAYS 
27 DAYS 
1 DAYS 
1. DAYS 
2 DUYS 
2 GAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
2 DAYS 
1 I jAYS 
4 DAYS 
4 D k Y S  
4 DAYS 
4 CAYS 
2 DAYS 
2 DAYS 
3 DAYS 
8 DAYS 
8 DAYS 
8 DAYS 
8 DRYS 
19 DAYS 
8 DAYS 
8 DRYS 
8 DAYS 

d 

27 



Figure 3.4-5 (3 of 3) Assumed Sequence of Service Activities for the Manned 
Lunar Mission Baseline 



Figure 3.5-1 (1 of 4) Integrated STN Activity Support of the Flight Schedule Baseline 

0 1 5 A L 0 0 5  
01 S A L 0 1 5  
0 1 S A L 0 1 0  
0 1 5 A L 0 2 0  
0 1 5 A L 0 2 5  
0 1 S A L 0 3 0  
0 1 5 A L 0 3 5  
01 S A L 0 4 0  
0 1 S A L 0 4 5  
0 1 6 M L 0 0 5  
0 1 6 M L O l S  
015AL065 
0 1 6 M L 0 1 0  
0 1 6 M L 0 2 0  
0 1 6 M L 0 2 5  
01 S A L 0 7 0  
0 1 5 A L 0 9 5  
0 1 6 M L 0 3 0  
0 1 6 M L 0 3 S  
01 S A L 0 8 0  
0 1 6 M L 0 4 0  
01 S A L 0 8 3  
016ML045 
01 S A L 0 8 5  
0 1 S A L 0 9 0  
01 S A L 1  10 
0 1 5 A L 1 2 0  
0 1 5 R L 1 3 5  
016ML050 
0 16MLOS 5 
0 1 6 M L 0 6 0  
0 1 6 M L 0 6 S  
0 1 6 M L 0 7 0  
0 1 6 M L 0 9 5  
0 1 6 M L 0 8 0  
0 1 6 M L 0 7 5  
01 6 M L l S O  
CJ 16MLOS0 
01 6 M L 0 8 5  
0 1 6 M L  100 
01.6MLlOS 

0 1 7 A L 0 1 5  
01 7 A L 0 1  0 
0 1 7 A L 0 2 0  
0 1 7 A L 0 2  5 
0 1 7 A L 0 3 0  
01 7 A L 0 3 5  
01 6 M L  110 
0 1 7 A L 0 4 0  
O16ML.1.15 
0?.6ML 120 
0 1 7 A L 0 4 5  
0 1 6 M L 1 2 5  
(3 1 6 M L  135 

0 1 7 A L 0 0 5  

M i s s i o n  S y s t e m s  R e a d y  Dec -01 -200  1 
H L L V  C a r g o / T a n k e r  P r o x  0 Dec-01-2001 
Lunar E l e m e n t s  Storage D e c - 0 1 - 2 0 0 1  
OMV C a r g o / T a n k e r  R e t r i e v  Dec-02-2001 
Lunar E l e m e n t  O f f l o a d  Dec-03-2001 
Propellant Transfer Dec-05-2001 
OMV H L L V  C/T Disposal Dec-07-2001 
OMV M a i n t e n a n c e  Dec-08-2001 
Lunar F l i g h t  Preparation D e c - 1 2 - 2 0 0 1  
M i s s i o n  S y s t e m s  R e a d y  Jan-01-2002 
H L L V  C a r g o / T a n k e r  P r o x  0 Jan-01-2002 
Lunar F l i g h t  Departure Jan-01-2002 
Lunar E l e m e n t s  Storage Jan-01-2002 
OMV C a r g o / T a n k e r  R e t r i e v  Jan-02-2002 
Lunar E l e m e n t  O f f  load Jan-03-2002 
OMV M a i n t e n a n c e  Jan-04-2002 
Lunar A u t o  P/L Delivery Jan-04-2002 
Propellant Transfer Jan-05-2002 
OMV H L L V  C/T Disposal Jan-07-2002 
OTV-A A r r i v a l .  Jan-07-2002 
OMV M a i n t e n a n c e  Jan-08-2002 
OTV-A M a i n t e n a n c e  Jan-09-2002 
Lunar F l i g h t  drat ion 3an-12-2002 
OTV-A Storag Jan-17-2002 
OMV M a i n t e n a  Jan-18-2002 
OTV-A A r r i v a l :  Jan-22-2002 
OMV M a i n t e n a n c e  Jan-24-2002 
OTV-A M a i n t e n a n c e  Jan-28-2002 
Shutt le A r r i v a l  Fe b-01-2002 
Lunar C r e w  A r r i v a l  Feb-02-2002 
Spares O f f l o a d  Feb-04-2002 
Lunar F l i g h t  D e p a r t u r e  . Feb-06-2002 
OMV M a i n t e n a n c e  Feb-09-2002 
Lunar 30-Day M i s s i o n  Feb-09-2002 
OTV-A A r r i v a l  Feb-12-2002 
Shut t le  Departure Feb-13-2002 
OTV-A M a i n t e n a n c e  Fe b- 14-2002 
OTV-A Storage Feb-22-2002 
OMV M a i n t e n a n c e  Fe b-23-2OfX2 
Shut t le  A r r i v a l  Fe b-27-2002 
C a r g o  O f f l o a d  Fe b-28-2002 
M i s s i o n  S y s t e m s  Ready Mar -O 1-2002 
H L L V  C a r g o / T a n k e r  P r o x  0 M a r - 0 1 - 2 0 0 2  
Lunar E l e m e n t s  Storage M a r - 0 1 - 2 0 0 2  
OMV C a r g o / T a n k e r  R e t r i e v  M a r - 0 2 - 2 0 0 2  
Lunar E l e m e n t  O f f  load M a r - 0 3 - 2 U 0 2  
Propel l a n t  Transfer M a r - 0 5 - 2 0 0 2  
OMV H L L V  C / T  Diaoosal  M a r - 0 7 - 2 0 0 2  
OTV-M A r r i v a l  M a r - 0 8 - 2 0 0 2  
OMV M a i n t e n a n c e  M a r - 0 8 - 2 0 0 2  
Lunar C r e w  R e t u r n  M a r -  1fj-2(j(j2 
OMV M a i n t e n a n c e  M a r -  12-20C12 
Lunar F1 i g h t  Preparation M a r - 1 2 - 2 0 0 2  

OTV-M M a i n t e n a n c e  M a r - 1 8 - 2 0 0 2  
Shu t  t 1 e Deoar t u re  Mar-16-2( j ( j2 



Figure 3.5-1 (2 of 4) Integrated STN Activity Support of the Flight Schedule Baseline 

0 1 6 M L l 4 0  
0 1 8 M L 0 0 5  
0 1 8 M L 0 1 5  
0 1 7 A L 0 6 5  
018MLO 10 
0 1 8 M L 0 2 0  
0 1 8 M L 0 2 9  
0 1 7 A L 0 7 0  
0 1 7 A L O 9 5  
0 1 8 M L 0 3 0  
0 1 8 M L 0 3 5  
0 1 7 A L 0 8 0  
0 1 8 M L 0 4 0  
0 1 7 A L O 8 3  
01 8 M L 0 4  5 
0 1 7 A L 0 8 5  
0 1 7 A L 0 9 0  
0 1 7 A L  1. 10 
0 1 7 A L 1 2 0  
01 7 A L 1 3  5 
0 1 8 M L 0 5 0  

. 0 1 8 M L 0 5 5  
0 1 8 M L 0 6 0  
0 1 8 M L 0 6 5  

' 0 1 8 M L 0 7 0  
0 1 8 M L 0 9 5  
0 1 8 M L 0 8 0  
0 1 8 M L 0 7  5 
0 1 8 M L 1 3 0  
0 1 8 M L 0 9 0  
0 1 8 M L 0 8 5  
0 1 8 M L 1 0 0  
0 1 8 M L 1 0 5  
0 1 9 A L 0 0 5  
0 1 9 A L 0 1 5  
0 1 9 A L 0 1 0  
0 1 9 A L O 2 0  
0 1 9 A L 0 2 5  

,, 019F IL030  
' 0 1 8 M L 1 1 0  

0 1 9 A L 0 3 S  
0 1 8 M L 1 1 5  
01 9 A L 0 4 O  
0 1 8 M L  120 
0 1 9 A L 0 4 5  
O l 8 M L 1 2 5  
0 1 8 M L 1 3 9  
0 1 8 M L 1 4 0  
0 2 0 M L 0 0 5  
0 2 0 M L 0 1 5  
020ML(310 
OZOMLOZO 
01SAL065 
0 2 0 M L 0 2 5  
OZOML030 

PTM4 M a i n t e n a n c e  M a r - 2 6 - 2 0 0 2  

H L L V  C a r g o / T a n k e r  P rox  0 A p r - 0 1 - 2 0 0 2  
Lunar F l i g h t  Departure A p r - 0 1 - 2 0 0 2  
Lunar E l e m e n t s  Storage A p r - 0 1 - 2 0 0 2  
OMV C a r g o / T a n k e r  R e t r i e v  A p r - 0 2 - 2 0 0 2  
Lundr E l  e m e n  t O f f  load A p r - 0 3 - 2 0 0 2  
OMV M a i n t e n a n c e  p r -0 4- 2 0 C 1 2  
Lunar A u t o  P/L D e l i v e r y  A p r - 0 4 - 2 0 0 2  
Propel lant  Transfer Apr-05-2C)02 
OMV 'HLL.V C / T  Disposal A p r - 0 7 - 2 0 0 2  
OTV-A A r r i v a l  A p r - 0 7 - 2 0 0 2  
OMV M a i n t e n a n c e  A p r - 0 8 - 2 0 0 2  
OTV-A M a i n t e n a n c e  A p r - 0 9 ~ 2 0 0 2  
Lunar F l i g h t  Preparation A p r - 1 2 - 2 0 0 2  
OTV-A Storage A p r - 1 7 - 2 0 0 2  
OMV M a i n t e n a n c e  A p r - 1 8 - 2 0 0 2  
OTV-A A r r i v a l  A p r - 2 2 - 2 0 0 2  
OMV. M a i n t e n a n c e  A p r - 2 4 - 2 0 0 2  
OTV-A M a i n t e n a n c e  A p r - 2 8 - 2 0 0 2  
Shutt le f i r r i va l ,  May-02 -2002  
Lunar C r e w  A r r i v a l  May -03 -2002  
Spares O f f l o a d  May-05 -2002  
Lunar F l i gh t .  Departure M a y - 0 7 - 2 0 0 2  
OMV M a i n t e n a n c e  May-10 -2002  
Lunar 30-Day Hission May-10 -2002  
OTV-A A r r i v a l  May -13 -2002  
Shut t le  Departure May-1  4-2002 
OTV-A M a i n t e n a n c e  M a y - 1  5-2002 

OMV M a i n t e n a n c e  May-24 -2002  
Shut t le  A r r i v a l  May -28 -2002  
C a r g o  O f f l o a d  May-29 -2002  
M i s s i o n  S y s t e m s  R e a d y  Jun-01-2002 
H L L V  C a r g o / T a n k e r  Pro% 0 Jun-01-2002 
Lunar E l e m e n t s  Storage Jun-01-2002 
OMV CargolTanker R e t r i e v  Jun-02-2002 
Lunar E l e m e n t  O f f l o a d  Juri-03-2002 
Propel lant  Transfer Ju6-05-2002 
OTV-M A r r i v a l  Jun-06-2002 
OMV H L L V  C / T  Disposal Jun-07-2Q02 
Lunar C r e w  R e t u r n  Jun-08-2002 
OMV M a i n t e n a n c e  Jun-08-2tXQ 
OMV M a i n t e n a n c e  Jun-10-2002 
Lunar F l igh t  Preparation Jun-12-2002 
Shut t le  Departure Jun- 14-2002 
OTV-M M a i n t e n a n c e  J u n - l S - Z O 0 2  
PTM4 M a i n t e n a n c e  Jun-24-2002 

H L L V  C a r g o / T a n k e r  P r o x  0 Jul-01-2002 
Lunar E l e m e n t s  Storage Jul-C)1-2002 
OMV C a r g o / T a n k e r  R e  t r i e v  Ju 1-02-2002 
Lunar F1 iqht  D e p a r t u r e  Jul-02-2002 

M i s s i o n  S y s t e m s  R e a d y  A p r- 0 1 - 20!J2 

OTV-A Storage May-23 -2002  

M i s s i o n  Sys tems R e a d y  J u l - 0 L - X ) 0 2  

Lunar E l e m e n t  O f f l o a d  JU 1-03-2002 
Propel lant  Transfer JU 1 -05-2(:)(:)2 

8 DAYS A p r - 0 2 - 2 0 0 2  
(3 DAYS M a r - 3 1 - 2 0 0 2  
1 DAYS A p r - 0 1 - 2 0 0 2  
3 DAYS A p r - 0 3 - 2 0 0 2  

10 DAYS A p r - 1 0 - 2 0 0 2  
1 DAYS A p r - 0 2 - 2 0 0 2  
2 DAYS A p r - 0 4 - 2 0 0 2  
4 DAYS A p r - 0 7 - 2 0 0 2  

17 DAYS A p r - 2 0 - 2 0 0 2  
2 DAYS A p r - 0 6 - 2 0 0 2  
1 DAYS A p r - 0 7 - 2 0 0 2  
2 DAYS A p r - 0 8 - 2 0 0 2  
4 DAYS A p r - 1 1 - 2 0 0 2  
8 DAYS A p r - 1 6 - 2 0 0 2  

20 DAYS M a y - 0 i - 2 0 0 2  
1 DAYS A p r - 1 7 - 2 0 0 2  
4 DAYS A p r - 2 1 - 2 0 0 2  
2 DAYS A p r - 2 3 - 2 0 0 2  
4 DAYS A p r - 2 7 - 2 0 0 2  
8 DAYS M a y - 0 5 - 2 0 0 2  
1 DAYS M a y - 0 2 - 2 0 0 2  
2 DAYS M a y - 0 4 - 2 0 0 2  

3 DAYS M a y - 0 9 - 2 0 0 2  
4 DAYS May-13 -2002  

27 DAYS Jun-05-2002 
2 DAYS May-14 -2002  
2 DAYS May-15 -2002  
8 DAYS M a y - 2 2 - 2 0 0 2  
1 DAYS M a y - 2 3 - 2 0 0 2  
4 DAYS M a y - 2 7 - 2 0 0 2  
1 DAYS May-28 -2002  
2 DAYS May-30 -2002  
0 DAYS M a y - 3 1 - 2 0 0 2  
1 DAYS Jun-01-2002 

10 DAYS Jun-10-2002 
1 DAYS 9un-02-2002 
2 DAYS Jun-04-2002 
2 DAYS Jun-06-2002 
2 DAYS Jun-07-2002 
1 DAYS Jun-87-2002 
2 DAYS Jun-09-2002 
4 DAYS Jun-11-2002 
4 DAYS Jun-13-2002 

20 DAYS JU 1-01-2002 
2 UAYS Jun-15-2002 
8 DAYS Jun-23-2002 
8 DAYS Jul-01-2002 
(3 DFIYS Juri-30-2002 
1 DAYS Jul-01-2002 

10 DAYS J1.11-10-2002 
1 D4YS Jul-02-2002 
3 DAYS Ju 1-04-2002 
2 DAYS Jul-04-2002 
2 DAYS JU 1-06-2002 

' 2 DAYS May-06 -2002  
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Figure 3.5-1 (3 of 4) Integrated STN Activity Support of the Flight Schedule Baseline 

0 1 9 A L 0 7 0  
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0 2 1 A L 0 3 0  
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020PlL120 
02 1 A L 0 4  5 
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0 2 6 M L  135 
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. 022tl1-045 
0 2 1 A L 0 9 5  

0 2 0 M L 0 5 0  

0 2 0 M L 0 7 0  

02QML07  5 

OMV M a i n t e n a n c e  JU 1-05-2002 
Lunar A u t o  P/L D e l i v e r y  Jul-05-2002 
OMV H L L V  C / T  D i s p o s a l  Jul-07-2002 
OTV-A A r r i v a l  J u l - C 8 - 2 0 0 2  
OMV M a i n t e n a n c e  Jul-08-2002 
OTV-A M a i n t e n a n c e  Jul-10-2002 
Lunar F l i g h t  Preparation Jul-12-2002 
OTV-A Storage Jul-18-2002 
OMV M a i n t e n a n c e  Jul-19-2002 
OTV-A A r r i v a l  Jul-23-2002 
OMV M a i n t e n a n c e  Jul-25-2002 
OTV-A M a i n t e n a n c e  Jul-29-2002 
Shut t le  A r r i v a l  A u g  -0 1-2002 
Lunar C r e w  A r r i v a l  A u g - 0 2 - 2 0 0 2  
Spares O f f  load A u g - 0 4 - 2 0 0 2  
Lunar F l i a h t  Departure A u g - 0 6 - 2 0 0 2  
OMV M a i n t e n a n c e  Aug-09 -2002  
Lunar 3 0 - D a y  M i s s i o n  +?tug-O9-2002 

Shut t le  Departure A u g - 1 3 - 2 0 0 2  
OTV-rl M a i n t e n a n c e  A u q - 1 4 - 2 0 0 2  

OMV M a i n t e n a n c e  Aug-23 -2002  
Shut t le  A r r i v a l  hug-27-2002 
C a r a o  O f f  load A u g  -28-2092 
M i s s i o n  S y s t e m s  R e a d y  Sep-01-2002 
H L L V  C a r g o / T a n k e r  Prox 0 Sep-01-2002 
Lunar E l e m e n t s  Storaqe Sep-01-2002 
OMV C a r g o / T a n k e r  R e t r i e v  Sep-02-2002 
Lunar E l e m e n t  O f f l o a d  Sep-03-2002 
OTV-M A r r i v a l  Sep-05-2002 
P r o m  1 1 ant  Transfer Sep-05-2002 
OMV H L L V  C / T  Disposal Sep-07-2002 
Lunar C r e w  R e t u r n  Sep-07-2002 
OMV M a i n t e n a n c e  Sep-08-2002 
OMV M a i n t e n a n c e  Sep-09-2002 
Lunar F l i ah t  Preparation Sep-12-2002 
S h u t t l e  Departure Sep-13-2002 
OTV-M M a i n t e n a n c e  Sep-15-2002 
PTM4 M a i n t e n a n c e  Sep-23-2002 
M i s s i o n  S y s t e m s  R e a d y  O c t - 0 1 - 2 0 0 2  
H L L V  C a r g o / T a n k e r  P r o x  0 O c t - 0 1 - 2 0 0 2  
Lunar E l e m e n t s  Storage O c t - 0 1 - 2 0 0 2  
OMV C a r g o / T a n k e r  R e t r i e v  O c t - 0 2 - 2 0 0 2  
Lunar F l i g h t  D e p a r t u r e  O c t - 0 2 - 2 0 0 2  
Liznar E I e m e n  t O f f  1 odd OC t-03-2002 
Propel lant  Transfer  oc t-05-2002 
OMV M a i n t e n a n c e  OC tLOS-2002 
Lunar AU tu P/L D e l  i ve ry  Oc t-09-2002 
OMV H L L V  C / T  Disposal OC t -07-2002 
OTV-A A r r i v a l  oc t -(38-2002 
OMV M a i n t e n a n c e  OC t-08-2002 
OTV--A M a i n  tenancs oc t-10-2002 
Lunar F l i g h t  Preparat ion O c t - 1 2 - 2 0 0 2  
OTV--A S t o r a q e  OC t-18-2002 

OTV-A A r r i v a l  Aug-12 -2002  

OTV-A Storage Aug-22 -2002  

4 DAYS Jul-09-2002 
17 DAYS Jul-21-2002 
1 DAYS JU 1-07-2002 
2 DAYS Jul-09-2002 
4 DAYS Jul-11-2002 
8 DAYS Jul-17-2002 

20 DAYS Jul-31-2002 
1 DAYS Jul-18-2002 
4 DAYS Y u l - 2 2 - 2 0 0 2  
2 DAYS JU 1 -24-2002 
4 DAYS Y u1 -28-2UO2 
8 DAYS hug-05-2002 
1 DAYS AUQ-01-2002 
2 DAYS Aug’03-2002 
2 DAYS Aug-05 -2002  
3 DAYS +?tug-08-2002 
4 DAYS Aug-12 -2002  

27 DAYS Sep-04-2002 
2 DAYS Aug-13 -2002  
2 DAYS AUQ-14-2002 
8 DAYS Aug-21 -2002  
1 DAYS A u g - 2 2 - 2 0 0 2  
4 DAYS Aug-26 -2002  
1 DAYS Aug-27 -2002  
2 DAYS Aug-29 -2002  
0 DAYS AUCJ-31-2002 
1 DAYS Sep-01-2002 

10 DAYS Sep-10-2002 
1 DAYS Sep-02-2002 
2 DAYS Sep-04-2002 
2 DAYS Sep-06-2002 
2 DAYS Sep-06-2002 
1 DAYS Sep-07-2002 
2 DAYS Sep-08-2002 
4 DAYS Sep-11-2002 
4 DAYS Sep-12-2002 

20 DAYS O c t - 0 1 - 2 0 0 2  
2 DAYS Sep-14-2002 
8 DAYS Sep-22-2002 
8 DAYS Sep-30-2002 
0 DAYS Sep-30-2002 
1 DAYS O c t - 0 1 - 2 0 0 2  

10 DAYS O c t - 1 0 - 2 0 0 2  
1 DAYS O c t - 0 2 - 2 0 0 2  
3 DAYS O c t - 0 4 - 2 0 0 2  
2 DAYS O c t - 0 4 - 2 0 0 2  
2 DAYS O c t - 0 6 - 2 0 0 2  
4 DAYS O c t - 0 8 - 2 0 0 2  

17 DAYS O c t - 2 2 - 2 0 0 2  
1 DAYS O c t - 0 7 - 2 0 0 2  
2 DAYS OC t-09-2002 
4 DAYS O c t - 1 1 - 2 0 0 2  
8 DAYS OC t-17-2002 

20 DAYS OC t -31-2OO2 
1 DAYS O c t - 1 8 - 2 0 0 2  



Figure 3.5-1 (4 of 4) Integrated STN Activity Support of the Flight Schedule Baseline 

A c t i v i t y  A c t i v i t y  Early D u r a t i o n  E a r l y  
Codes D e s c r i p t i o n  S t a r t  ( u n i t s )  Fin ish ........................................................................ 

02 1 A L 0 9 0  
0 2 1 A L 1 1 0  
02 1 A L  120 
0 2 1 A L  135 
0 2 2 M L 0 5 0  
0 2 2 M L 0 5 5  
0 2 2 M L 0 6 0  
0 2 2 M L 0 6 5  

0 2 2 M L 0 9 S  
0 2 2 M L 0 8 0  
0 2 2 M L 0 7 5  
0 2 2 M L 1 3 0  
0 2 2 M L 0 9 0  
0 2 2 M L 0 8 5  
0 2 2 M L 1 0 0  
0 2 2 M L  105 
0 2 2 M L 1 1 0  
0 2 2 M L 1 1 5  
0 2 2 M L  120 
022Mtl25 
0 2 2 M t 1 3 5  

i 0 2 2 M L 1 4 0  

0 2 2 M L 0 7 0  

OMV Maintenance 
OTV-A A r r i v a l  
OMV M a i n t e n a n c e  
OTV-A M a i n t e n a n c e  
Shutt le A r r i v a l  
Lunar d r e w  A r r i v a l  
Spares O f f l o a d  
Lunar F l i gh t  Departure 
OMV M a i n t e n a n c e  
Lunar 30-Day M i s s i o n  
OTV-A A r r i v a l  
Shutt le Departure 
OTV-A M a i n t e n a n c e  
OTV-A Storage 
OMV Maintenance 
Shutt le A r r i v a l  
C a r g o  O f f l o a d  
OTV-M A r r i v a l  
Lunar C r e w  R e t u r n  
OMV M a i n t e n a n c e  
Shutt le D e p a r t u r e  
OTV-M M a i n t e n a n c e  
PTM4 M a i n t e n a n c e  

OC t-19-2002 
oc t-23-2002 
oc t-25-2002 
oc t-29-2002 
Nov-01-2002 
NOV-02-2002 
NOV-04-20<:)2 
NOV-06-2002 
Nov-09-2002 
NOV-09-2002 
NOV-12-2002 
NOV-13-2002 
NOv-14AZ002 
Nov-22-2002 
NOV-23-2002 
NOV-27-2002 
NOV-28-2002 
Dec-06-2002 
D e c - 0 9 - 2 0 0 2  
D e c - 1 0 - 2 0 0 2  
D e c - 1 4 - 2 0 0 2  
D e c - 1 6 - 2 0 0 2  
D e c - 2 4 - 2 0 0 2  

4 DAYS OC t-22-2002 
2 DAYS O c t - 2 4 - 2 0 0 2  
4 DAYS Oct-28-2002 
8 DA.YS NOV-05-2002 
1 DAYS NOV-01-2002 
2 DAYS Nov-03-2002 
2 DAYS NOV-05-2002 
3 DAYS NOV-08-2002 
4 DAYS NOV-12-2002 

27 DAYS D e c - 0 5 - 2 0 0 2  
2 DAYS Nov-13-20C)2 
2 DAYS NOW-14-2002 
8 DAYS NOV-21-2002 
1 DAYS NOV-22-2002 
4 DAYS Nov-26-2002 
1 DAYS NOV-27-2002 
2 DAYS NOV-29-2002 
2 DAYS D e c - 0 7 - 2 0 0 2  
2 DAYS D e c - 0 9 - 2 0 0 2  
4 DAYS D e c - 1 3 - 2 0 0 2  
2 DAYS D e c - 1 5 - 2 0 0 2  
8 DAYS D e c - 2 3 - 2 0 0 2  
8 DAYS D e c - 3 1 - 2 0 0 2  
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4.0 Source References 

Figure 4.0-1 provides the list of sources and references for information and guidance 
required in the performance of this study. 

33 

d 



Figure 4.0-1 (1 of 2) LEO Space Transportation Node List of References 

1. 

2. 

3. 

4. 
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13. 
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15. 

National Space Transportation and Support Study, Civil Needs Database Version 
3.0, Draft. Planning and Analysis of Advanced Programs, NASA Contract NASW- 
3921, General Research Corporation, July 16, 1987. 

Alred, John W., Lunar Base Activities: An Overview. Advanced Programs Office, 
NASA Johnson Space Center, September 21,1987. 

Davidson, William. Eagle Engineering, Inc., Houston Division, 
(713) 338-2682. . 

Stump, William. Eagle Engineering, Inc., Houston Division, 
(713) 338-2682. 

Turnaround Operations Analysis for O W .  Mid-term Progress Review Meeting at 
NASA-MSFC, NASA Contract NAS 8-36924, Report No. DR-3, General Dynamics, 
Space Systems Division, March 18, 1987. 

Turnaround Operations Analysis for O W .  Progress Review Meeting at NASA- 
MSFC, NASA Contract NAS 8-36924, Report No. DR-3, General Dynamics, Space 
Systems Division, July 21,1987. 

Lunar Base Accommodation Study, Final Report. NASA-Lac, June 18,1987. 

Impact of Lunar and Planetary Mission on the Space Station, Final Report. 
NASA Contract NAS9-17176, by Eagle Engineering, Inc., Houston Division, 
November 21,1984. 

Lunar Surface Operations, Table 4-6. Task 4.1 of the Lunar Systems Study, 
NASA Contract NAS9-17878, Report No. 87-172, Eagle Engineering, Inc., Houston 
Division, December 1, 1987. 

- 

JSC 31000 REV C, Space Station Projects Requirements Document. NASA Johnson 
Space Center, Space Station Projects Office, March 6, 1987. 

JSC 30256, Architectural Control Document Extravehicular Activities System. 
NASA Johnson Space Center, Space Station Program Office, January 15, 1987. 

Simonds, Charles. Eagle Engineering, Inc., Houston Division, (7 13) 338-2682. 

Orbital Transfer Vehicle Concept Definition and Systems Analysis Study, Final 
Report-Phasel, Volume 1 (Rev. A), Executive Summary. NASA Contract NASS- 
36107, Report No: D180-29108-1, Boeing Aerospace Company, December 1986. 

Stecklein, Jonette. Advanced Programs Office, NASA Johnson Space Center. 

Space Transportation Nodes Assumptions and Requirements, Draft. Lunar Base 
Systems Study Task 2.1, NASA Contract NAS9-17878, Report No. 87-174, Eagle 
Engineering, Inc., Houston Division, December 8, 1987. 

34 

d 



Figure 4.0-1 (2 of 2) LEO Space Transportation Node List of References 

16. 

17. 

Artemis Project Software Package. Metier Management Systems, Ltd., 1987. 

User’s Guide For Orbital Maneuvering Vehicle. 
Center, December 1986. 

NASA Marshall Space Flight 

18. dBase III Plus Database Software Package. Ashton-Tate Company, 1986. 

19. 

20. 

Maloney, John W. General Dynamics, Space Systems Division, (619) 547-7167. 

Woodcock, Gordon R., Mission and Operations Modes for Lunar Basing. Boeing 
Aerospace Co., Huntsville, AL. Paper in Lunar Bases and Space Activities of 
the 21st Century. W.W. Mendell, Editor. Lunar and Planetary Institute, Houston, 
TX. 1985. 

21. Lunar Lander Conceptual Design. NASA Contract NAS9-17878. Eagle Engineering, 
Inc. Report No. 88-181. March 31,1988. 
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5.0 Assumptions and Groundrules 

Figure 5.0-1 provides the list of assumptions as compiled during the performance of 
this study. Basically, the assumptions are information necessary to develop a LEO STN 
conceptual design, but which cannot be technically derived at this time. Therefore, in 
some cases it may be Micult to distinguish between an assumption and a requirement. 
Since the LEO STN conceptual design must satisfy both the assumptions and the 
requirements, a f i e  &tinction between assumptions and requirements is not required or 
important. For documentation purposes the assumptions have been grouped under the 
categories of: 

1.0 Program Definition 
2.0 Vehicles 
3.0 Operations 
4.0 Schedule 
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Figure 5.0-1 ( lof 8) LEO Space Transportation Node List of Assumptions 

1.01a 

1,Olb 

1.02 

1.03 

1.04 

1 .os 

1.05a 

1.05b 

Assembly of lunar space transportation vehicle components in low Earth orbit 
requires human presence and participation. That is, the assembly cannot be 
totally automated. 
Prog Factor: Prog Def Ref: 3,2 
Rationale: Current state of the art does not hdicate feasibility. 

The LEO space transportation node (STN) will be manned and it will operate 
independent of the Space Station. 
Prog Factor: Prog Def Ref: 15 
Rationale: Space Station environment requirements incompatible with STN. 

The Lunar Orbit STN does not appear to be advantageous for the early lunar 
surface based program. 
Prog Factor: Prog Def Ref: 1,15 
Rationale: The Lunar Orbit STN will have advantages when lunar oxygen or 

lunar hydrogen can be produced. It would also be advantageous 
for a luna orbit based program. Neither of these conditions 
apply for the studied timeframe. 

There will not be an STN at any lunw libration point in the time period considered 
for the study. 
Prog Factor: Prog Def Ref: 1,15 
Rationale: There is no requirement for a STN at a lunar libration point in 

the time period considered. 

All the transportation vehicles that will be used during this phase have been 
flight tested and operationally proven. Therefore, no flight test activities or 
support are included in this analysis. 
Prog Factor: Prog Def Ref: 3 
Rationale: The development of a flight test and verification program is 

beyond the scope of this study. 

There are four lunar mission types to be supported by the LEO STN. They are: 
Rationale: A reprcsentatve but generic set of missions was desired to 

enable the study to be accomplished in the time allotted and to 
reduce the sensitivity of results to fluctuations in detail as 
project descriptions evolve. 

A = Automated flight to moon and one way delivery to lunar surface. The LEO 
STN departure configuration is O"V-OW-P/L-EL. Both the O W ' S  will return to 
the LEO STN. 

Ref: 1.9 

M14 = A 14-day Manned mission from LEO to lunar surface and return. The LEO 
STN departure configuration is OTV-OTV-PTM-EA-EL. Both the O T V ' s  and the 
PTM will return to the LEO STN. 

Ref: 1,9 
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Figure 5.0-1 (2 of 8) LEO Space Transportation Node List of Assumptions 

1.0% 

1.05d 

1.06 

1.07 

1.08 

1.09 

1.10 

M30 = A 30-day Manned mission from LEO to lunar surface and return. The LEO 
STN departure configuration is OW-OW-PTM-EA-EL. Both the O W ' S  and the 
PTM will return to the LEO STN. 

Ref: 1,9 

M186 = A 186-day M a ~ e d  mission from LEO to lunar Surface and return. The 
LEO STN departure configuration is OW-OW-PTM-EA-EL. Both the O T V ' s  will 
retum to the LEO STN. The second O W  will return to the LEO STN 3O-days 
after deploying the PTM. This PTM will return to the LEO STN on the O W  of 
a future delivery mission. 

Ref: 1,3,9 

A provision will be implemented to insure that a lunar crew always has the 
capability to be retrieved, to return to Earth, or to return to a safe LEO facility. 
This study assumes that an O W  will be maintained in a status ready to return 
lunar crew to the LEO STN. 
Prog Factor: Prog Def Ref: 14 
Rationale: 

The space-based transportation vehicles require protection from solar radiation, 
space debris, and micrometeoroids while stored in the space environment. 
Prog Factor: Prof Def Ref: 5 
Rationale: The vehicles are reusable and it is not economically sound to 

expose the equipment to degrading factors when not in use if 
cost effective protection can be provided. 

Crew safety is f i i  priority. 

Thrw annual flight schedule models are supported by the LEO STN. 
Month. 1 2 3 4 5 6 7 8 9 10 11 12 

30-Day: A M A M  A M  A M  
186-Day: A M A M  A M  A M  
Prog Factoc Prof Def Ref: 9,3 
Rationale: SummatuRd ' from available information. 

14-Day: A M A M A 

A steady state program is beiig supported where a l l  necessary vehicles are 
placed in space by 1999. 
Prog Factor: Prog Def Ref: 3 
Rationale: The development of the program infrastructure implementation 

and buildup is beyond the scope of this study. 

Plans and requirements are based on nominal missions. 
have not been considered. 
Prog Factor: Prog Def Ref: 3 
Rationale: 

Abort issues and plans 

The analysis and synthesis of failure modes and risks arc beyond 
the scope of this study. 
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Figure 5.0-1 ( 3  of  8) LEO Space Transportation Node List of Assumptions 
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l . l l b  

l.llc 

1.12 

1.13 

2.01 

2.02 

90 metric tons of propellant (78 LO2 & 12 LH2) are delivered from Earth in a 
dedicated tanker by a Heavy Lift Launch Vehicle (HLLV). The HLLV configuration 
could be any one of the numerous designs currently under study in the industry. 
The propellant is transferred from the tanker to the LEO STN propellant depot. 
The propellant is subsequently transferred to space-based vehicles. 
Prog Factor: Prog Def Ref: 7 
Rationale: It has been assumed that propellant transfer will be more cost 

effective than tankage exchange for a continuing, extensive 
program of reusable vehicles. 

The E-Lander, E-Ascent, and Lunar Payload are delivered to the LEO STN by a 
HLLV in combination with the propellant delivery. 
Prog Factor: Prog Def Ref: 4,14,3 
Rationale: The capacity is available and a single rendezvous and retrieval 

is preferred over multiple retrievals. 

The HLLV delivers 55 metric tons of propellant (48 LO2 & 7 LH2) when combined 
with delivery of a 35 MT lunar landing package. 
Prog Factor: Prog Def Ref: 15 
Rationale: 55 metric tons is the approximate capacity remaining in the 

LEO STN crew rotation is assumed to occur on the Shuttle lunar crew transport 
flights. When the lunar crew is delivered from Earth, STN crew personnel will 
ride on the Shuttle return to Earth. When the Shuttle arrives to meet the 
lunar crew returning from the Moon, STN crew personnel will come from Earth 
with the Shuttle. 
Prog Factor: Prog Def Ref: 3 
Rationale: This busing approach makes effective use of the Shuttle and 

relieves the requirement for an unproductive Shuttle wait in 
orbit. On the 1st flight, the departing lunar crew rides up and 
the rotating STN crew rides down. On the 2nd flight, the rotating 
STN crew rides up and the returning lunar crew rides down. 

The Shuttle is operated by a crew of three when transporting the lunar crew 
of four personnel. 
Prog Factor: Prog Def Ref: 3 
Rationale: It is assumd that a commander, pilot, and cargo master ( R M S  

operator) are required. 

The overall baseline scenario lunar vehicles are outlined in the CNDB Option 
III. Additional details or exceptions are noted in other assumptions. 
Prog Factor: Vehicles Ref: 1 
Rationale: Specified by study directive. 

HLLV payload after including the lunar landing package. 

The LEO STN will have a tank-to-tank propellant transfer system. 
Prog Factor: Vehicles Ref: 4 
Rationale: It has been assumed that propellant transfer will be more cost 

effective than tankage exchange for a continuing, extensive 
program of reusable vehicles. 
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2.03 
times. 

2.04 

2.05 

2.06 

2.07 

2.08 

2.08a 

The Orbital Transfer Vehicle ( O W )  is reused on Earth-moon flights up to 40 

Prog Factor: Vehicles Ref: 5 
Rationale: 40 reuses of a space vehicle maintained in space is a large 

number. The number of prmical reuses incorporated in the 
planning for program funding requires careful O W  vehicle analysis 
and a prudent consideration of the Space Shuttle program experience. 

. The derivation of the number of vehicle reuses is beyond the 
scope of this study. In this initial STN requirements study, the 
number of reuses has not been a direct factor. 

The 4-crew Personnel Transfer Module (PTM) will transfer from the OTV to the 
E-Lander for the landing phase of the mission and from the E-Ascent Vehicle 
to the OTV for the Earth return phase. 
Prog Factor: Vehicles 
Rationale: Using the PTM4 for the cislunar transportation crew module as 

well as the lunar lander crew module reduces the number of 
modules required and results in a more productive payload in 
terms of the percent of the OTV capacity which is used on the 
lunar surface. 

Ref: 1 

The 4-crew F'TM is reused on Earth-moon flights up to 40 times. 
Prog Factor: Vehicles Ref: 3 
Rationale: 40 reuses of a space vehicle maintained in space is a large 

number. The number of practical reuses incorporated in the 
planning for program funding requires careful pTM4 vehicle 
analysis and a prudent consideration of the Space Shuttle program 
experience. The derivation of the number of vehicle reuses is 
beyond the scope of this study. In this initial STN requirements 
study, the number of reuses has not been a direct factor. 

The OTV has an in-mission standby time of 180 days during missions in lunar 
orbit. 
Prog Factor: Vehicles Ref: 3 
Rationale: The OTV could be required to wait in lunar orbit up to 180 

days for the return of the lunar crew to lunar orbit for transfer 
to the Earth. 

The LEO STN will be implemented using Space Station technology and systems. 
Prog Factor: Vehicles Ref: 3 
Rationale: The Space Station technology will be available, demonstrated, 

and capable. The same systems should be used for reasons of 
economy, commonality, and maintainability. 

The O W  is designed according to the following criteria: 
Prog Factor: Vehicles Ref: 5 

Right systems designed with built-in test equipment and automated checkout 
operation. 
Prog Factor: Vehicles Ref: 5 
Rationale: Automation use enables a smaller, in-orbit crew size. 
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Figure 5.0-1 ( 5  of 8) LEO Space Transportation Node List of Assumptions 

2.08b 

2.08~ 

2.08d 

2.08e 

2.08f 

2.09 

2.10 

2.11a 

2.11b 

Right hardware to be under continuous self-check. 
Prog Factor: Vehicles Ref: 5 
Rationale: Automation use enables a smaller, in-orbit crew size. 

Automated fault detdodfault isolation to ORU level. 
Prog Factor: Vehicles Ref: 5 
Rationale: Automation use enables a smaller, in-orbit crew size. 

Standard interfaces between vehicles. 
Prog Factor: Vehicles Ref: 5 
Rationale: Standard vehicle interfaces reduce training requirements, spares 

Provide enough access to remove and replace ORW’s. 
Prog Factor: Vehicles Ref: 5 
Rationale: ORU’s are not feasible or productive if inadequate room to 

No ORU’s need to be removed to replace a fault except the debris protection 
and aerobrake. 
Prog Factor: Vehicles Ref: 5 
Rationale: For safety and productivity reasons, maintenance items must be 

accessible without removing other equipment. This approach is 
not practical with the major structural items designed to degrade 
in use such as the aerobrake and debris shield. 

provisioning, and data systems complexity. 

work is not provided. 

The OMV can handle the retrieval of the mass of a returning O”V/PTM4/l?ayload 
(1 1.2 MT) and a propellant delivery vehicle (91 MT.). 
Prog Factor: Vehicles Ref: 7 
Rationale: This capability is required, appears to be feasible, and study 

The OMV will be used as a space tug for nominal retrieval of arriving vehicles 
and for contingency handling of non-functioning deployed vehicles. 
Prog Factor: Vehicles Ref: 7 
Rationale: This is the function for which the OMV is designed. 

The E-Lander, E-Ascent, and lunar payload arrive at the LEO STN stacked, 
checked out, and ready to fly except for propellant top-off and total lunar 
spacecraft integrated test and verification. 
Prog Factor: Vehicles Ref: 3 
Rationale: The prepackaged and tested approach is feasible and reduces 

crew size and expensive checkout activity in space. 

resources are not available to provide a technical derivation. 

The E-Lander and Lunar Cargo arrive at the LEO STN stacked, checked out, and 
ready to fly except for propellant top-off and total lunar spacecraft integrated 
test and verification. 
Prog Factor. Vehicles Ref: 3 
Rationale: The prepackaged and tested approach is feasible and reduces 

crew size and expensive checkout activity in space. 
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3.04 
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The Extravehicular Excursion Unit shall provide support for free-flying proximity 
operations around the STN out to at least a 300-meter (984-foot) distance. 
Prog Factor: Vehicles Ref: 10 
Rationale: 300 meters is a sufficient distance to maneuver around the largest 

vehicle considered and is a feasible free-flying distance. 

A L02/LH2 mixture ratio of 7 is assumed. 
Prog Factor: , Vehicles Ref: 8 
Rationale: A mixture ratio between 6 and 7 is commonly used and 7 was 

used in the quoted reference. 

The Lunar Mission transfer window is a significant factor which must be considered 
in future tasks. However, windows have not been determined and included in 
the STN requirements task. 
Prog Factor: Ops 
Rationale: The planning and analysis of mission profiles and trajectories is 

beyond the scope of this study. 

LEO prelaunch operations, launch control, and STN rendezvous are managed by 
Earth-based mission control with STN acting as on-site action operators. 
Prog Factor: Ops Ref: 6 
Rationale: Work should be allocated to the site where the best ability 

resides and which is most cost effective. Large numbers of 
personnel and facilities can be afforded on Earth. Manipulation 
of some sensitive or difficult to instrument activities are best 
accomplished at the physical site of the action. 

Ref: 15’4 

The LEO STN will provide operations control of all approach and proximity 
operations. 
Prog Factor: Ops Ref: 3 
Rationale: Final vehicle approach and closure is best observed at the STN 

and control can be more direct. In addition, results of improper 
action will most immediately impact the STN. 

O W  turnaround tasks will be accomplished using teleoperations except when 
servicing the Aerobrake Thermal Protection System where EVA activities will 
be prime. 
Prog Factor: Ops Ref: 5 
Rationale: EVA activity is more hazardous and expensive than IVA activity. 

Teleoperation and robotics are to be used where human’s unique 
abilities are not required or cost effective. 

Extravehicular Activities (EVA) will adhere to the following constraints: 
Prog Factor: Ops Ref: 

Productive EVA operations (where productive EVA is defied as the time between 
completion of hatch egress to beginning of hatch ingress) will not exceed 8 
hours per day per crewmember. 
Prog Factor: Ops Ref: 10 
Rationale: Same as Space Station requirement. 
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Scheduled EVA operations shall not exceed 8 hours per week per crewmember. 
Prog Factor: Ops Ref: 10 
Rationale: Same as Space Station requirement. 

The STN will provide the capability for the simultw-eous EVA of four crewmembers. 
ProgFactor: Ops Ref: 10 
Rationale: An EVA activity must always have at least two crew involved to 

provide a buddy system for safety. The STN is a EVA-intensive 
facility and must be prepared to provide emergency support to 
an ongoing EVA activity. Therefore, a four-EVA capability is 
the minimum capacity acceptable. 

An Extravehicular operation will require a minimum of 2 crewmembers involved 
in EVA and a intravehicular crewmember dedicated to EVA support. 
ProgFactor: Ops Ref: 3,5,11 
Rationale: Any EVA activity requires constant monitoring from inside the 

STN for purposes of safety and work assistance. 

A Shuttle will deliver the lunar crew to the LEO STN after the lunar transportation 
vehicle has successfully completed IT&V. The Shuttle will remain at the LEO 
STN until the lunar crew has successful translunar injection. 
ProgFactor: Ops Ref: 3 
Rationale: The STN must be prepared for the occasion of a non-functioning 

OTV stack. In this event, the lunar crew needs a ride back to 
Earth. Holding the Shuttle for several days is cost effective. 

A lunar crew recovery Shuttle will launch for the LEO STN after the lunar 
crew has succfssful transearth injection. 
Prog Factor: Ops Ref: 3 
Rationale: Until it is certain that the lunar crew is in transearth flight, 

the prepared Shuttle will be held in readiness on Earth. This 
will prevent an unnecessary long wait in earth orbit or even an 
wasted flight if the lunar crew is delayed longer than the Shuttle 
waiting ability in earth orbit. 

EVA of two crewmembers in a service team is required for discrepancy support 
of lunar vehicle stacking, mating, and IT&V, for O W  aerobrake TPS repairs; 
and for unscheduled STN maintenance. 
ProgFactoc Ops Ref: 3 
Rationale: This capability appears to be required, is feasible, and study 

Two STN crew are assumed to participate with Earth mission control in the 
rendezvous of the Tanker/Cargo with the LEO STN. 
ProgFactor: Ops Ref: 3 
Rationale: This capability appears to be required, is feasible, and study 

An EVA event is assumed to be one person performing EVA work for eight hours. 
ProgFactor: Ops Ref: 3 
Rationale: 

resources are not available to provide a technical derivation. 

resources are not available to provide a technical derivation. 

This is a study defied term. 
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3.10 The NSTS Shuttle will have the operations support capacity to provide the STN 
support implied by the STN mission and schedule baseline. 
Prog Factor: Ops Ref: 3 
Rationale: A NSTS Shuttle flight traffic load analysis will be required to 

determine the actual Shuttle Qperations support capacity and 
availability. The derivation of this potential support capacity is 
beyond the scope of this study. In this initial STN requirements 
study, the Shuttle has been assumed to be available and has not 
been a direct factor. 

There are no crew holidays during a mission tour of duty. Work is accomplished 
seven days a week. 
Prog Factor: Ops Ref: 3 
Rationale: STN operations crew time in orbit is too valuable to set aside 

14 percent for nonproductive time. The crew would be amply 
compensated during off time on Earth. This is standard operating 
procedure in difficult operating environments on Earth. 

. 

3.11 

4.01 The Advanced Space Transportation System (ASTS) study spans the years 1999 
through 2005. 
Prog Factor: Schedule Ref: 2 
Rationale: Specified by study directive. 

4.02 The assumed mission servicing activity resource requirements are specified in 
Figures 3.4-3 and Figure 3.4-5. 
Prog Factor: Schedule Ref: 3 
Rationale: Generic summary of support activities based on common industry 

experience and standard practices. 
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6.0 STN Requirements 

The requirements are recorded in the requirements data base as they are identified. 
As previously discussed, the requirements are organized by the WBS structure. 

6.1 Vehicle and Mission Requirements Assessment 

The initial requirements were identified by the nature of the environment (orbital mechanics, 
materials, existing NASA procedural rules, space environment, etc.) in which the LEO 
STN must exist. Many of these requirements are the same or similar to the Space 
Station and, therefore, have been taken directly from the Space Station experience. 
Other requirements have been identified by analysis of the transportation node mission 
services to be provided. Mission services requirements were identified and recorded in 
the requirements data base as the vehicles and missions baselines were developed in 
Section 3.0. 

6.2 Schedule Load Requirements Assessment 

Finally, the requirements imposed by the impact of supporting the load of a full, busy 
annual schedule of lunar operations are identified. The schedule load requirements are 
the result of combining the overlapping transportation servicing activities according to 
the schedule of Figure 3.5-1. The ARTEMIS tool is used to accomplish the resource 
load analysis. 

6.2.1 EVA 

An EVA event is assumed to be one person performing EVA work for eight hours. Figure 
6.2.1-1 is an ARTEMIS record of requirements for EVA events on a daily basis for each 
day and for cumulative events. Although four EVA events occur on only two days (07- 
12-2002 and 10-02-2002), the requirement is to have the capability to support four 
simultaneous EVA events. The four-EVA-event requirement is necessary since a two- 
EVA-event capability would be marginal and the lunar windows will not adjust for potential 
infrequent lack of EVA capability. In addition, the requirement enhances safety and 
could enable EVA rescue of a disabled EVA team. More normal two-EVA-event days 
occur approximately 20 percent of the STN days. The EVA schedule load indicates that 
a total of 72 two-man EVA’S occur in 2002 requiring 1152 EVA hours. The airlocks are 
required to support nine EVA passages in a 30-day period. 
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6.2.2 Hanger 

Figure 6.2.2-1 is a histogram indicating the d d y  hanger volume requirements in cubic 
meters. It should be noted that these requirements do not include unproductive volume. 
That is, the volume requirement is the simple total of the volume of the individual 
vehicle stacks to be hangered. It is estimated that the actual volume implemented would 
be twice the amount of the simple measured vehicle total. The histogram format is 
primarily useful for observing the peaks and averages in an analog view. The peaks for 
hanger volume in early April and July are a minor modelling anomaly and can be ignored. 
The requirements for all of the vehicle and STN resources analyzed are included in 
Figure 6.2.2-2. A review of the figure indicates that the Hanger is required to have the 
capacity to accommodate two (2) O W ' S ,  four (4) O W ' S ,  one (1) PTM-4, two (2) E- 
Landers, one (1) E-Ascent, and one (1) Lunar Surface Cargo. The volume appears different 
since the space taken by the vehicles varies depending on whether they are separate or 
stacked. 

6.2.3 Habitation Capacity 

The crew resource data in Figure 6.2.2-2 has been analyzed to detennine the habitation 
capacity required in the LEO STN. The results indicate that support for a regular STN 
crew of six is required for 15 percent of the year. For another 40 percent of the 
annual days an STN crew of four operate in the facility. When the Shuttle with a 
three-man crew transports the four-man lunar crew, the total residents on the LEO STN 
increase to nine for 14 days with several days of 13 personnel including the lunar crew. 

- 

6.2.4 Propellant Storage Requirement 

A HLLV is assumed to deliver 55 metric tons of propellant (48 MT of LO2 and 7 MT of 
LH2) when combined with delivery of a 35 metric ton lunar landing package. The E- 
Lander is delivered fully fueled. Therefore, 384 M" of LO2 and 56 M" of LH2 are 
delivered and pumped into the LEO STN propellant depot by the HLLV/E-Lander transport 
flights Not including boiloff, 480 MT of LO2 and 70 MT of LH2 must be pumped into 
O W ' S  at the LEO STN for lunar flights in 2002. Based on the above, additional propellant 
must be delivered to the LEO STN. It is assumed that a dedicated HLLV tanker can 
deliver 78 M" of LO2 and 12 MT of LH2. The use of one dedicated HLLV tanker and 



one additional HLLV/Cargo Tanker provides a total propellant delivery to the LEO STN 
of 510 MT of LO2 and 75 MT of LH2 in 2002. 

The LEO STN propellant depot requirements are to store sufficient propellant to fuel 
two lunar departure stacks plus one additional OTV plus approximately 10 percent for 
losses. This requirement results in storage facilities for 160 h/lT of LO2 and 24 MT of 
LH2. This storage capacity is compatible with the delivery capability of two full HLLV 
tankers (156 MT of LO2 and 24 MT of LH2.) 

6.2.5 STN Crew Rotation 

LEO STN crew rotation is assumed to occur on the Shuttle lunar crew transport flights. 
When the lunar crew is delivered from Earth, STN crew ride on the Shuttle back to 
Earth. When the Shuttle arrives to meet the lunar crew returning from the Moon, STN 
crew personnel come from Earth with the Shuttle. 

6.2.6 O W  Maintenance 

The basis for O W  maintenance is the work of General Dynamics Space Systems Division 
(references 5 and 6) in the 1987 study "Turnaround Analysis for OW." The work was 
reviewed in some detail and appears to be well founded. Telephone contact was established 
with Mr. John Maloney of General Dynamics (Reference 19) and additional detail obtained 
on turnaround activities. Based on this investigation and due to the constraints of 
time, no additional O W  maintenance detail was developed by Eagle Engineering. As the 
task study was ending, a 1986 Boeing Aerospace Company titled "OW Concept Definition 
and Systems Analysis Study" (reference 13) was obtained. The Boeing study appears to 
be very useful also but was obtained too late for application in this effort. 

6.3 LEO STN List of Requirements 

The LEO STN requirements which were been developed and stored in the requirements 
data base have been printed from the dBASE THREE PLUS program (reference 18) and are 
included as Figure 6.3-1. 
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Figure 6.2.1-1 (1 of 8) Schedule Load Requirements for EVA Events 
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Figure 6.2.1-1 (2 of 8) Schedule Load Requirements for EVA Events 
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Figure 6.2.1-1 (3 of 8) Schedule Load Requirements for EVA Events 
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Figure 6.2.1-1 (6 of 8 )  Schedule Load Requirements for EVA Events 
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Figure 6.2.1-1 (8 of 8) Schedule Load Requirements for EVA Events 
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Figure 6.2.2-1 (1 of 8) Schedule Load Requirements Histogram for Daily Hanger 
Volume in Cubic Meters 
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Figure 6.2.2-1 (2 of 8) Schedule Load Requirements Histogram for Daily Hanger 
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Figure 6.2.2-1 (4 of 8) Schedule Load Requirements Histogram for Daily Hanger 
Volume in Cubic Meters 
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Figure 6.2.2-1 (5 of 8) Schedule Load Requirements Histogram for Daily Hanger 
Volume in Cubic Meters 
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Figure 6.2.2-1 (6 of 8) Schedule Load Requirements Histogram for Daily Hanger 
Volume in Cubic Meters 
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Figure 6.2.2-1 (7 of 8)  Schedule Load Requirements Histogram for Daily Hanger 
Volume in Cubic Meters 
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Figure 6.2.2-1 (8 of 8) Schedule Load Requirements Histogram for Daily Hanger 
Volume in Cubic Meters 
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Figure 6.2.2-2 (1 of 8) Schedule Load Requirements for All Vehicle and STN Resources 
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Figure 6.2.2-2 (2 of 8) Schedule Load Requirements for All Vehicle and STN Resources 
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Figure 6.2.2-2 (3 of 8) Schedule Load Requirements for All Vehicle and STN Resources 
Period 
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Figure 6.2.2-2 (4 of 8) Schedule Load Requirements for All Vehicle and STN Resources 
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Figure 6.2.2-2 (6 of 8) Schedule Load Requirements for All Vehicie and STN Resources 

Period 
Star t  CREW-E CREW-N E-LAND HANGER OMV OTV PTM-4 RMS 
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Sep-07-2002 
Sep-08-2002 
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Sep-18-2002 
Sep-19-2002 
Sep-20-2002 
Sep-21-2002 
Sep-22-2002 
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OC t -27 -2002 
OC t-38-2002 
Oct-29-20tJ2 
oc t-30-2002 
oc t-31-2002 
Nov-01-2002 
NOV-02-2002 
NOV-03-2002 
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Dec-02-2002 
Dec-03-20{:)2 
Dec-04-2002 
Dec-05-2002 
Dec-436-2002 
Dec-07-2002 
Dec-(:)8-2002 
Dec-(>9-2C)(:)2 
Dec -10-2002 
Dec - 1 1-2002 
Dec-12-2002 

Dec-14-2002 
Dec-15-2002 

Dec -1 7-2cZO2 
Dec -18-2tjO2 
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Figure 6.2.2-2 (8 of 8) Schedule Load Requirements for All Vehicle and STN Resources 

P e r i o d  
S t a r t  CREW-E CHEW-N E-LAND HANGER OMV OTV PTM-4 HMS 

Dec-21-2002 0 2 0 4500 0 1 t:) 1 
D e c - 2 2 - 2 0 0 2  0 2 0 4500 0 1 0 1 
D e c  -23-2002 0 2 0 4500 0 1 (1) 1 
D e c - 2 4 - 2 0 0 2  0 2 0 4500 0 0 1 1 
D e c  -25-2002 0 2 0 4900 0 0 1 1 
D e c - 2 6 - 2 0 0 2  0 2 0 4300 0 0 1 1 
D e c - 2 7 - 2 0 0 2  0 2 0 4500 0 0 1 1 
D e c - 2 8 - 2 0 0 2  0 2 0 4500 0 0 1 1 
D e c - 2 9 - 2 0 0 2  0 2 0 4500 0 0 1 1 
D e c - 3 0 - 2 0 0 2  0 2 0 4500 0 0 1 1 
D e c - 3 1 - 2 0 0 2  0 2 0 4 500 0 0 1 1 

.............................................................................. 



Figure 6.3-1 ( 1 of 6) LEO Space Transportation Node List of Requirements 

WBS No.: 1.01 
STN Element: Mgt/Integr 

Requirement ID: 1 
Assumptions: Ref: 

The General Requirements in Section 2.1 of JSC 31000 also apply to the LEO STN; except 
for the induced environment restrictions due to user accomgdation. 
Rationale: The JSC 31000 general Space Station requirements appear to be appropriate 

for the STN and represent more planning and analysis effort than is 
available for derivation of similar requirements in this study. The limitations 
of induced environment due to accommodating applications users are not 
appropriate for the STN and are one reason for the need of an STN 
separate from the Space Station. 

WBS No.: 1.01 
STN Element: M-tegr 

Requirement ID: 2 
Assumptions: Ref: 3 

The LEO STN orbit parameters must enable efficient payload delivery from earth, allow 
transfer to lunar trajectories, insure no collision with the space station, and minimize 
space station viewing interference. 
Rationale: By definition, the transportation node should be located in the optimum 

position in the transportation path. However, the transportation facility 
must not interfere with the important objectives of the earth orbit base, 
the Space Station. 

WBS No.: 1.01 Requirement ID: 3 
STN Element: Mgt/Integr Assumptions: 3.05,3.06 Ref: 3 

The STN shall have the capability to accommodate one docked space shuttle while supporting 
a lunar flight departure or d v a l .  
Rationale: The lunar crews do not arrive until the lunar flight vehicle is substantially 

ready for departure and the Shuttle must remain until the lunar flight has 
departed so the lunar crew could be returned to Earth in the event of a 
failure to launch. 

'FVBS No.: 1.01 
STN Element: Mgt/Integr 

RequirementID: 4 
Assumptions: 1 .Olb Ref: 3 

The LEO STN orbital orientation is to be optimized for spacecraft systems design. 
There are no mission pointing or orientation requirements. 
Rationale: The STN is not subject to design compromises related to diverse earth 

orbit applications interests. The STN orientation is to be designed to 
facilitate the best possible support to transportation activities transitioning 
from earth orbit to transplanetary trajectories. 
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Figure 6.3-1 (2 of 6) LEO Space Transportation Node List of Requirements 

WBS No.: 1.01 
STN Element: Mgtnntegr 

Requirement ID: 5 
Assumptions: 2.07 Ref: 16 

Implementation of LEO STN is to maximize commonality of systems, hardware, software, 
procedures, and operations with the Space Station. 
Rationale: The STN objective is not to extend technology in earth orbit human 

sustenance. The STN must be safe and economical to be an element in an 
active transportation network. Use of existing technology and experience 
from the Space Station supports these STN goals. 

WBS No.: 1.01 
STN Element: Mgtbtegr 

Requirement ID: 6 
Assumptions: Ref: 5 

As many space exposed maintenance activities as is practical should be designed for 
replacement by automatic equipment. 
Rationale: EVA will be more commonly used, but it will remain more hazardous and 

expensive than IVA. Automation technology appears sufficiently developed 
to accommodate space exposed maintenance cost effectively for many routine 
requirements. 

WBS No.: 1.03 
STN Element: RMS 

Requirement ID: 1 
Assumptions: Ref: 3 

A minimum of two Remote Manipulator Systems (RMS’s) are required. Each must be able 
to move the 113.8 metric ton lunar departure spacecraft from the servicing fixture to a 
safe deployment release point. 
Rationale: An RMS is required for servicing activities of vehicles in the STN Hanger. 

In addition, &I RMS is used in berthing and support in translating vehicles 
into and out of the hanger. These RMS support functions can not be 
constrained not to occur simultaneously. 

WBS No.: 1.03 
STN Element: RMS 

Requirement ID: 2 
Assumptions: 3.04 Ref: 3 

Robotic end effectors shall be available for connection to the RMS. The robot shall 
have manipulative and reach capabilities comparable to or better than an EVA astronaut. 
Rationale: EVA will be more commonly used, but it will remain more hazardous and 

expensive than IVA. Automation technology appears sufficiently developed 
to accommodate space exposed maintenance cost effectively for many routine 
requirements. The automation equipment must have capabilities adequate 
to perfom work tasks also performed by EVA astronauts. 
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Figure 6.3-1 (3 of 6) LEO Space Transportation Node List of Requirements 

WBS No.: 1.05 
STN Element: Airlocks 

Requirement ID: 1 
Assumptions: Ref: 15-6.2.1 

The airlocks are required to support 9 EVA passages and two Shuttle berthings in 30 
days. The maximum number of EVA events per 24-hour period is four (4) -- Two shifts 
of 2-crewmember team making two EVA events in one day. 
Rationale: Derived from evaluation of Figure 6.2.1-1. 

WBS No.: 1.19 
STN Element: Warehouse 

Requirement ID: 1 
Assumptions: Ref: 3 

TBD cubic feet of pressurized logistics and warehouse storage space and TBD cubic 
feet of unpressurized volume are required to store vehicle spares and parts in a timeframe 
facilitating successful lunar flight departure. 
Rationale: The derivation of storage volume needed for spares requires more infomation 

on vehicles and spares planning than currently exists. This storage volume 
is an hportant parameter and a "place-holder" requirement here serves as 
a reminder. 

WBS No.: 1.22 Requirement ID: 1 
STN Element: Hab Element Assumptions: Ref: 15-6.2.3 

Permanent accommodations for a crew of six (6) are required. 
Rationale: Derived from evaluation of Figure 6.2.2-2. 

WBS No.: 1.22 Requirement ID: 2 
STN Element: Hab Element Assumptions: Ref: 15-6.2.3 

In addition to the permanent crew, the STN shall provide habitation facilities for seven 
visitors (3 shuttle and 4 lunar) for 14 days. 
Rationale: The purpose of the STN is to provide for personnel involved in transportation 

from earth orbit to transplanetary trajectories. 

WBS No.: 1.23 
STN Element: EVA Systems 

Requirement ID: 1 
Assumptions: Ref: 5,lO 

Components of all vehicles and service facilities (propellant depot, etc.) must be free of 
sharp comers and objects. In addition, the components must have appropriate EVA 
handholds and foot restraints. 
Rationale: This is a generic statement of standards historically required by NASA 

EVA-responsible management. 
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WBS No.: 1.23 
STN Element: EVA Systems 

Requirement ID: 2 
Assumptions: Ref: 5 

When remotely controlled arms and cranes are being operated, the EVA crewmembers will 
be stationed at an area which is safe from accidental contact with the systems. 
Rationale: “his is a generic statement based on common industry health and safety 

practices for working in the area of robotic manipulators and other dangerous 
mobile equipment. 

WBS No.: 1.24 
STN Element: Ops Center 

Requirement ID: 1 
Assumptions: 3.02b Ref: 3 

A Transportation Operations Center is required in the STN with operations command and 
control facilities capable of 24 hours per day operation to control all activities in the 
hanger, propellant depot, RMS, warehouse, airlock, and space within five km of the STN. 
Rationale: Local, central control and monitoring of all STN operations is necessary 

to enhance productivity and to ensure operations safety. 

WBS No.: 1.24 
STN Element: Ops Center 

Requirement ID: 2 
Assumptions: Ref: 3 

The STN Operations Center is required to monitor status of vehicles stored in the hanger 
and actively verify health at sufficiently frequent intervals to prevent degradation. 
Rationale: The STN crew will be onboard the STN essentially continuously. More 

effective crew time utilization is achieved by detecting and correcting 
systems malfunctions early rather than incurring peaks in manpower required 
for problems during a concentrated checkout. In addition, some degradations 
in vehicles could escalate into general STN safety hazards. 

WBS No.: 1.25 
STN Element: Prop Depot 

Requirement ID: 1 
Assumptions: Ref: 15-6.2.4 

A propellant storage depot is required to store 160 metric tons of liquid oxygen, 24 
metric tons of liquid hydrogen, and sufficient O W  propellant for 8 STN prox ops flights. 
Rationale: This requirement is based on supporting two (2) loaded lunar departure 

spacecraft plus an additional OTV and 10 percent contingency. 

WBS No.: 1.25 
STN Element: Prop Depot 

Requirement ID: 2 
Assumptions: Ref: 3 

Nominal propellant transfer at the propellant depot is required to be accomplished without 
EVA. 
Rationale: Propellant transfer could be hazardous for the health of any EVA astronauts. 
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WBS No.: 1.25 
STN Element: Prop Depot 

Requirement ID: 3 
Assumptions: Ref: 19 

The propellant depot gas boiloff rates shall be less than the following rates: 

Rationale: 

Liquid Oxygen = 0.1 % per month 
Liquid Hydrogen = 0.3% per month 
Guidelines are required for planning purposes and these values obtained 
from General Dynamics were said to be potentially obtainable. 

WBS No.: 1.25 
STN Element: Prop Depot 

Requirement ID: 4 
Assumptions: Ref: 3,12,5 

The LEO STN shall have external explosion control systems where appropriate (e.g. 
propellant depot and hanger). As an example, liquid hydrogen tanks and oxygen tanks 
should be separated as far as practicable. 
Rationale: Explosive hazard monitoring and control systems are common industry 

practice for explosive storage facilities and petrochemical plants. 

WBS No.: 1.25 
STN Element: Prop Depot 

Requirement ID: 5 
Assumptions: Ref: 5 

When LOX is being transferred from one container to another, the receiving vessel 
should be filled at a rate of to minimize the thermal shocks. 
Rationale: The analysis of thermal shock in STN cryogenic systems requires more 

information than is currently available and more time than allotted for 
this study. However, thermal shock and the resulting impact on time 
required for propellant transfer is an important parameter. A "place-holder'' 
requirement here serves as a reminder. 

WBS No.: 1.26 
STN Element: Hanger 

Requirement ID: 1 
Assumptions: 1.08 Ref: 15 

A hanger is required to provide protection, maintenance facilities, and storage of space- 
based transportation equipment. A volume sufficient to contain 2 RMS's, 4 O W ' S ,  2 
O W ' S ,  1 PTM-4, 1 E-Landerm-Ascentbunax Payload, 1 E-Landerbunar Surface Cargo, 
and 4 EVA astronauts. More specific information is available in the baseline model 
schedule analysis. 
Rationale: Derived from evaluation of Figure 6.2.2-1 and Figure 6.2.2-2. 

WBS No.: 1.26 
STN Element: Hanger 

Requirement ID: 2 
Assumptions: Ref: 15 

The hanger shall contain aids and facilities for stacking, mating, and unstacking a lunar 
mission spacecraft. 
Rationale: The purpose of the hanger is to provide protection and a facilities for 

providing servicing support to space based transportation vehicles. 
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WBS No.: 1.26 
STN Element: Hanger 

Requirement ID: 3 
Assumptions: Ref: 15 

The hanger shall contain aids and facilities to deactivate and store O W ’ S ,  O W ’ S  and 
PTM-4’S. 
Rationale: The purpose of the hanger is to provide protection and a facilities for 

storing and monitoring space based transportation vehicles. 

WBS No.: 1.26 
STN Element: Hanger 

Requirement ID: 4 
Assumptions: Refi 6 

Each of the two hanger servicing fixtures must be able to rotate the docked vehicle 
around the vehicle longitudinal axis to allow a fixed servicing position to access 360 
degrees of the vehicle exterior. 
Rationale: The referenced Langley Research Center study indicates that it more 

productive to fi the work station position and rotate the vehicle being 
serviced. 

WBS No.: 1.26 
STN Element: Hanger 

Requirement ID: 5 
Assumptions: Refi 15 

The hanger shall have aids and facilities to provide maintenance for OMV’s, O W ’ S  
PTMA’s, E-Lander’s, E-Ascent’s, EMU’S, and STN elements. 
Rationale: The purpose of the hanger is to provide protection and a facilities for 

providing maintenance support to space based transportation vehicles. 

WBS No.: 1.26 
STN Element: Hanger 

Requirement ID: 6 
Assumptions: Ref: 12 

IVA crew transfer is required to the PTM-4 while in the hanger. 
Rationale: The PTM-4 requires internal cabin servicing and maintenance not common 

to most other vehicles in the transportation inventory. In addition, more 
frequent access may be required to load/unload mission related items. 
EVA service is not compatible with internal cabin servicing and airlock 
transfer is not desirable. 

WBS No.: 1.26 RequirementID: 7 
STN Element: Hanger Assumptions: Ref: 6 

The hanger access opening shall have provisions to eliminate entry of micrometeors and 
solar radiation (e.g. doors or orientation to Earth). 
Rationale: In order to provide a complete envelope of protection to vehicles in the 

hanger, the entrance/exit must be designed to allow blocking of radiation 
and micrometeors. 
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7.0 Closing Comments 

This study task to document the upper level assumptions and requirements for transportation 
nodes has initiated a document and procedural methods which are designed for continued 
growth and use. The assumptions and requirements recorded in the data base are the 
more visible and important ones identified in the thought process of developing the 
transportation mission service and the schedule load demands. Additional comments are 
provided in the following sections. 

7.1 Data Depth 

In the time allotted for this effort, many assumptions and requirements have been recorded. 
However, with further analysis, the depth of the schedule data will allow more assumptions 
and requirements to be recognized. 

7.2 Sensitivities 

The LEO STN assumptions and requirements have been recorded for the baseline systems 
defined in section 3.0. The intention of establishing generic baselines which are 
representative of a class of scenarios rather than analyzing a specific scenario is to 
reduce the sensitivity of results to normal program planning fluctuations. However, it 
could be useful to vary parameters for specific factors in the generic baseline to determine 
the degree of results sensitivity. Such a sensitivity analysis was not accomplished in 
this task effort. 

7.3 Iteration Process 

The formulation of project assumptions and requirements is an iterative process. Based 
on the statement of requirements in this document, conceptual engineering design will 
be performed. In the LEO STN design analysis and related programmatic interaction, 
additional assumptions and requirements will be identified. The new idormation learned 
as a result of conceptual designing should be reviewed and incorporated into the baselines 
and requirements analysis of this document. Any new assumptions and requirements 
flowing from the new requirements review will now effect the existing conceptual design 
and so the iteration continues. 
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